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The operations of The Kcw Observatory, in the Old Deer Pai k, 
Richmond, Surrey, are controlled by tho Kew Observatory Committee, 
which is constituted a* follows :— 
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Tho work at the Observatory may be considered under the fol¬ 
lowing heads*— 

1. Magnotie observations 
II. Meteorological observations. 

ITT. Seismological observations. 

IV. Experiments and Researches in connexion with any of tho 
departments. 

V Verification of instruments. 

VI. Rating of Watches and Marino Chronometers. 

VT1 Miscellaneous. 
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Report of the Kew Observatory Committee. 


I. MAGSEHC OftsFRVAHONS. 

The Magnotographs have been in constant operation throughout 
the yem, anti the usual determinations of the Seale Values were made 
in January 

The oiduiates oi the various photographic curves representing 
Declination, Horizontal Foice, and Veriical Force were then found 
to Ik* ns follows *— 


Declinometer . 1 cm. = 0° 8' 7. 

Bifilar, Jarmaiy 11th, 1898, for l cm. <>It — 0 00051 COS unit. 

Balance, Januuiy 12th, 1898,for 1 cm. cV = 0 00050 C Cl S unit. 

Owing to the gradual secular change of decimation, the distance 
between the dots of light upon the ry Imdci ot tho magnetograph 
had becoino too small for satisfactory registration, and it was found 
necessary to alter the position of the zeio line From a similar 
ennse it was also found necessary to rc-adjust I ho balance of the 
vertical fovco magnetometer 

Dili mg the past year two magnetic storms, m pci mda of con¬ 
siderable disturbance of the needles, have been registered, the first on 
Mnioh 14-15, the second on September 9 10 

The extremo amplitude ot tho March disturbance was horizontal 
force, 0 0050 C.O.S unit, vertical force, 0 0057 f.O S unit, and 
decimation, P 26' In eight minutes, fiom 10 10 to 10 48 cm on the 
15t.li, the horizontal and veilical components exhibited falls of 0 002 
and 0 00J C.O S unit respcctiiely. The most rapid change of 
declination oecnired some Unity minutes later. Speaking generally, 
the most salient features were the large falls in both the horizontal 
and vertical components and the movement of tho decimation needle 
neai I) 1 ’ east of its normal position 

The second storm occurred on September 9—10 Tho principal 
disturbance commenced somewhat gradually about noon on the 9th, 
but one of its most stnkiug features was an exceptionally rapid fall 
occuri mg simultaneous!) at 3 5 cm. in tho horizontal and vertical 
forces and in the westeily decimation Tho fall was so rapid as to 
bo shown somewhat indistinctly on the photographic traces, hut it 
amounted to at least 15' in the declination and 0 0023 (J G.S unit 
m tlie horizontal foice. Tho recovery from this tall was also 
rapid. 

Tho declination needle, on the same day, between 5.15 i\m. and 
8 8 t\m receded 54' to the east, then turned and in tho course of the 
next thuty-two minutes moved 59' to tho west Tho horizontal forco 
attained its extiorue maximum and minimum ut 2 42 r.M and 
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8 30 i* ,vr. respectively, the rango amounting to |0 0030 C Cl S. unit 
(or about 1/37 of the whole component-) Between 7 30 and 8 30 
I'M, this element fell 0 0030 C G.S unit. The vertical foico 
reached its maximum about (5 v nr, and its minimum about 8 30 i* M , 
but ns the trace unfortunately got off the sheet near tho minimum, 
it can only be said that tho range of \eilical force exceeded 0 0030 
C.G.S unit. 

Both storms were presumably associated with the aurora simul¬ 
taneously seen in tho British Isles. The Ahuch Ntoiin was the 
largest recorded stneo August, 1891. 

The hourly means and diurnal inequalities of the magnetic elements 
for 1898, for the qmet days selected by tho Astionomer Uoyal, will 
be found in Appendix T 

A correction lifts been applied for tho diurnal variation of tempera¬ 
ture, use being made of the recoids fiom a Richard thermograph as 
well as of tho eyo observations of a thermometer placed under the 
Veitieul Foioo shade 

Tho mean values at tho noons prceedingand succeeding the selected 
quiet days aio also given, but these of course are not employed m 
calculating tho daily means <n inequalities 

Tho follow mg aro tho mean result h for the* entire year — 

Mean Westeily Decimation *.* 17 ,J 1' 4. 

Mean Horizontal Force. 0 18334 COS unit. 

Mean Inclination... 07’ 17' G 

Mean Vertual Force.. .... 0 43885 U G.S unit. 

Observations of Absolute Declination, llouzontal Intensity, and 
Inclination have been made weekly, as a rule 

A table of recent values of tho magnetic elements at tho Observa¬ 
tories whoso publications qic received at Kew will be found m 
Appendix 1\ to tho present ropoit 

In September Ptofossor Luigi Palazzo of the Ufficio Centrale 
di Meteorolocia, Homo, paid a visit to the Observatory for the 
purpose of comparing tho Kow magnetic instruments and Ins own 

Di. van Rijckovoise! also spent some time m the summer in 
making a further comparison between his magnetic iusti uments and 
those at Kew 

Mr Hough, Fellow of St. Jolm’s College, Cambridge, who has 
recently been appointed chief assistant at tho Royal Observatory, 
Cape of Good Hope, visited the Observatory from August IS to Sep¬ 
tember 1, in order to gain a knowledge of the method of observing 
with tho Unifilar Magnetometer and Inclinometer , 

At the request of Professor Moos, director of the Coiaba Ob¬ 
servatory, Bombay, copies of the horizontal force, the vertical force, 

b 2 
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and the declination curves for certain selected days during the years 
1892, 1893, and 1897 have been made and forwarded to him. 

Information on matters relating to various magnetic data has been 
supplied to Dr von Bczold, Professor Millie, and Mr. Gray. 

The Observatory has been visited by Dr A Schmidt, of Gotha, 
Professor Eschenhagen, of Potsdam, and Professor Liznar, of Vienna, 
members of tho International Conference on Terrestrial Magnetism, 
which was held at Bristol in September. 

In spring the unifilar magnetometer and dip circle, previously lent 
to the Jackhon-Harmswortb Polar Expedition, were put m order and 
lent to Mr P Baracchi, Acting Government Astronomer, Melbourne 
Observatory, for observational use in Australia and New Zealand, or 
in Antarctic exploration, as he might deride Later in tho year an 
old dip circle was put in order at the cost ot Sir Georgo Newnes, and 
lent for tho use of the Antarctic Expedition, under Mr. Borchgrevink. 
It was also agreed that if Mr P Baracchi should be willing to 
trails ter to Mr Borchgrevink tho unifilar magnetometer and dip 
circle referred to above, the Committee would raise no objection, 
provided Sir G New nos should become responsible for tho safe 
return of the instruments. 

A course of magnetic instruction was given to the two magnetic 
observers of Mr Borchgrovink’s expedition, Mr Colbeck and Mr. 
Bernaccln, the latter of whom had already practised the use of 
magnetic instiuments at Melbourne Observatory 

II. Meteorological Observations. 

The several self-recording instruments for tho continuous registra¬ 
tion of Atmospheuc Pressure, Temperature of Air and Wet-bulb, 
Wind (direction and velocity), Bright Sunshine, and Rain, have been 
maintained in regular opeiution throughout the jear, and the 
standard eye observations for the control of the automatic records 
duly registered. 

The tabulations of tho meteorological traces have been regularly 
made, and these, as well as copies of the eye observations, with 
notes of weather, cloud, and sunshine, have been transmitted, as usual, 
to tho Meteorological Office. 

With tho sanction of the Meteorological Council, data have boon 
supplied to the Council of the Royal Meteorological Society, the 
Institute of Mining Engineers, and tho editor of * Symons* Monthly 
Meteorological Magazine.* 

Elect tog taph .—This instrument worked in a satisfactory manner 
till MaJ", when the action markedly deteriorated. Tests of the 
battery showed that its E.M.E. had fallen off considerably; this was 
so far remedied by cleaning and recharging the top row of cells. At 
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tho name time a new silk suspension was fitted to the needle of the 
electrometer, and the instrument generally overhauled, and a non 
scale determination was carried out. 

The records remained satisfactory until November, when the 
battery potential again began to fall off mpidly. Between Novembei 
24 and 27 the whole sixty cells were cleaned and recharged with u 
satisfactory result, and on tho latter date one-thud of tho cells were 
removed to contract the scale, m order to record high winter values, 
as explained in last year’s Report 

On several occasions it had been noted that the electrometer needle 
bad a tendency to “ set” when the acid in tho interior jar had been in 
use for some time This “ setting ’’ largely interfered with the freedom 
of the needle. It has, however, been considerably reduced, by substi¬ 
tuting a single platinum wire connection tor the double gridiron 
torn hitherto employed. 

In May another portable electrometer, No. 80, was purchased from 
White, of Glasgow ; it is furnished with some additions to the usual 
pattern, which experience at the Observatory suggested as likely to 
prove boneficial in reducing induction effects. This electiometer 
has been used since, with the older instrument, White, No W, 
in obtaining the scalo value of tho self-recording instruments, de¬ 
terminations being made on February 7, April 1, May 26, June 16, 
September 6, and November 28 

Inspections .—In compliance with the request of the Mcteoi*ological 
Council, the following Observatories and Anemograph Stations have 
been visited and inspected —Stonyhurst, Yarmouth, North Shields 
Alnwick Castle, Fort William, Glasgow, Aberdeen, and Deornoss 
(Orkney), by Mr. Bakor; and Radcliffe Observatory (Oxford), Holy- 
head, Fleetwood, Armagh, Dublin, Valencia, Falmouth, and St 
Mary’s (Scilly Tsles), by Mr. Constable 

111. Seismo logical Oiiskkvations. 

Tho seismograph referred to in last year’s Report was deli\ ered 
by Mr. R Munro in March. It is of Professor *T. Milne’s “ unfelt 
tremor” pattern, the motion recorded being that of a horizontal 
pendulum or boom with a long period of vibration (fifteen to eighteen 
seconds from rest to rest). It is intended to measure the tilting of 
the ground aloug an east-west line, the boom itself lying due north 
and south. 

At the suggestion of Professor Milne, who visited the Observa¬ 
tory, tho site selected for at least a temporary trial is in the base¬ 
ment, inside the double-walled wooden room, originally designed for 
pendulum observations, and sometimes used as a warm chamber for 
chronometers. At first difficulties were encountered from wandering 
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of tho boom, winch is still too liable to get off its pivot; but the 
record 1ms been, on the whole, satisfactory for the latter half of the 
year Tho following table gives particulars respecting tho timo of 
occurrence* and amplitude in seconds of arc ot tho largest movements 
actually recorded — 


Time (GMT,). Amplitude 


Date 

h. 

ill 



J ,1110 29. 

7 

19 8 i 

M. 

2 5 

,, . •• 

n 

218 

i» 

34 

M .. * • 

»» 

i>«7 

1) 

3 0 

1 . • 


31 I 

?> 

2 2 

August *11. 

8 

84 9 

>> 

2 7 

)i . * 


.57 U 

’J 

15 

M . 


•'57 H 

i» 

L 7 

i .. * • 

M 

40 7 

n 

Hi 

November 17. 

1 

44:5 

> i 

05 

m • • • • • 


40 4 

11 

0 b 

n •••••• 

> 

58 <> 

>4 

Oti 


Tlio times deduced for the commencement of the above-mentioned 
eiuthquakes weio 6 li 47 6 ni , 8 h. 4 5 m , and 1 li. 37 in re¬ 
spectively 

Without special very caioful experiments it would ho difficult to 
say wh.it is tho piubablo error m fixing tho precise times Inde¬ 
pendent measurements of the photographic trace may agreo to 0 1 oi 
0 2 of a minute, but there is room for a certain amount of doubt as to 
the proper vnlues to attribute to the time marks on the sheet. 

Jn the cube of tho times of commencement of a disturbance the 
uncertainty is greater, because the movement may be initially infini¬ 
tesimal, and been use a tiny movement arising from a different souico 
(such movements being not uncommon) might intervene 


IV. Expliumental Work. 

Fog and Mitt —The observations of a series of distant objects, 
inferred to m previous Reports, have been continued. A note is taken 
of the most distant of tho selected objects which is visible at each 
observation hour 

Atmospheric Elcctncity —Tho comparisons of the potential, at the 
point whoro the jet from tho water-dropper breaks up, and at a fixed 
station on tho Observatory lawn, referred to in last year’s Report, 
have been continued, and tho observations have been taken twice 
every month. 

During October sonic simultaneous observations were made with 
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Hit' two portable el octroi nek* in, Hie one situated on tho pillar in the 
garden, tho other at the same height on a tnpod stand, at some 
distanco in the park. It 19 hoped that timo will be found to repeat 
tho experiments on sufUeiently umuerons occasions to allow some 
conclusions to be drawn 

Anrrtml Bammelns —Tho experiments rofeired to in the last threo 
“ Reports ” were continued m the early part of the )ear. The results 
have been discussed by tho Superintendent in tv paper recently pub¬ 
lished in the Society’s 4 Transactions ’ 

Platnivvi Thctvmmetry —The experimental work earned out at 
the International Bureau of Weights and Moasinos at Sevres by 
Dr J A Darker iu co-oporation with Dr Ch.ippms has only just, 
terminated It has comprised a careful comparison of certain 
platinum thmnomoteis belonging to the Observatory with a gas 
thermometer belonging to tho Bureau, over tho lango — 30° C. to 
+ 000° C 

1 )r ITaiker In ought back tho platinum thermometers, resistance box, 
&c, to the Observatoiy late in December, and is about to bo engaged 
in preparing the results for publication In view of this and other 
special thermonietnc woik m contemplation, tho Comnnttco lm\o 
temporarily secured the services of J)r Haiker 111 tho capacity of 
special assistant to the Superintendent 

Experiments lmve bcon continued at the Observatory itself on tho 
fixity of zero, and the general behaviour of platinum thermometers, 
which havo shown, amongst other things, the expediency of carefully 
chocking tho behaviour of the u leads ” 

Experimental work on the comparison of platinum and mercury 
thermometers has also been continued, and it is hoped that it will 
shortly bo possible, utilising tho results of Di. llarkci’s work at 
S^vras, to issuo certificates to high range morcuiy thermometers 
embodying the results of direct comparison 

Mercuiy Thermometry —The oxpeiiments on thermometers of 
different kinds of glass made by Messis Powell and Sons, to which 
refercnco was made last year, havo boon continued. Further ther¬ 
mometers are being made by Messrs. Powell, of a pattern suggested 
by the Superintendent, with which it is hoped to experiment at 
higher temperatures. 


V . Verification of Instruments. 

Tho subjoined is a list of the instruments examined in the year 
1898, with the corresponding results for 1897:— 
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Number tested in the Tear 



ending December 31 


W. 

IWW.' 

Air-meters ... 

s 

1 

Anemometers . 

3 

11 

Aneroids.-.. 

77 

169 

Artificial horizons.. 

17 

<J 

Barometers, Marine. 

107 

122 

,, Standard. 

101 

58 

,, Station. 

:»0 

55 

Binomials. 

tilil 

274 

Compasses.. . 

r.i 

41 

Deflectors . . 

4 

3 

Hydrometers . . 

292 

462 

InolmometeiH . . 

.') 

r> 

Photographic Lenses . 

I<> 

12 

Magnets... 

t) 

2 

Navy Telescope's . 

707 

681 

Ruin Gauges. 

27 

12 

Rain Measuring Glasses . .. 

.51 

10 

Scales. 

_ 

2 

Sextants. 

691 

750 

Sunshine Recorders . 

10 

15 

Theodolites. 

29 

26 

Thermometers, A vitienus, oi Immisch’s 

r> 

10 

,, Clinical . 

17,270 

17,962 

„ Deep sea. 

110 

79 

,, High Range . 

27 

56 

,, Hypsometric. 

550 

38 

, ( Low Range .. . 

71 

94 

,, Meteorological . 

2,871 

3.296 

,, Solar radiation .. 


2 

Standard . 

117 

66 

Unifilars... 

4 

6 

Vertical Fmce Instruments. 

4 


Declinometers .. 

2 

— 


Total. 23,457 24,434 


Duplicate copies of corrections have boon supplied in 84 cases. 

The number of instruments rejected in 1897 and 1898 on account 
of excesshe error, oi for other reasons, was as follows -- 
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1HWS 

Thermometers, clinical... 

156 

173 

„ ordinary meteoiologicftl.. 

38 

92 

Sextants. 

98 

106 

Telescopes . 

66 

60 

Binoculars. 

28 

•M) 

Various. . ... 

56 



Two Standard Thermo me ters lime Ihtii constructed during the 
>eur. 

There were at the end of the > ear in the Observatory, undergoing 
verification, 7 Barometers, 550 Thermometers, 50 Sextants, 20 
Telescopes, 51) Binoculars, 2 Hydrometers, 2 Sunshine Recorders, 
5 Rain Measures, and 2 Rain (iauges 

vr rai IVU OF WaTTIUS AM) ClfKONOMI IMIS 

The high standard of excellence to which attention lias been drawn 
in previous Reports has been maintained Although the number of 
watches sent for trial this year is loss than last year, yet the general 
average is as good, and G(> movements have obtained the highest 
possible form ot certificate (the class A, especially good), which 
involves the attainment of 80 per cent ot the total mniks 
The 483 watches reccned were enteiod for trial as bolow - - 
For class A, 383 ; class B, 73, and 27 for the subsidiary trial. 
Of those 17 passed the subsidiary test, l LG failed from various cause* 
to gain any certificate, 55 were awarded class B, and 2*35 class A 
In Appendix III will bo found a table giving the lesnlts of trial 
of the first 50 watches which gained tho highest number of marks 
during the year. The highest place was taken by Mr S Yeomans, 
Coventry, with a keyless going-barrel, Karrusel lever-wntch. 
No. 76,152, which obtained 89 2 marks out of a maxinmm of 100 
Representations having been made to tho Committee that somo 
changes were desirable m the system of marks and dates on certifi¬ 
cates, a circulai was issued (as mentioned in last year's Repoit) to 
ascertain the general opinion of manufacturers and others interested 
in the matter, but the leplies received showed no unanimity of 
opinion in favom of any one specified change, whilst a considerable 
number were quite satisfied with the existing conditions. Finally 
some small alterations were made, mainly in matters of detail. 

The objection to the certificates that sustained most support— 
though even on this question opinions were fauly divided—was that 
the date suggested to the customer, in the case of any but the most 
recently tested watch, a line of criticism that would not naturally have 
presented itself. In consequence it was urged that the possession of a 
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Kew certificate was a very doubtful advantage to any watch remain¬ 
ing unsold for so vend years in a retailer's bauds. Tho Committee 
eould not see their nay to alter tho invariable practice of dating 
KVw certificates, but they agreed, in order to mmimiHO the honree 
ot complaint, that a watch tested at the Observatory not less than 
three years previously, should ho admitted to a fresh tual at half the 
usualieo 

Marine Chnnwmctns —During the your, 70 chronometers havo been 
enteted for the Kew A and JJ trials , ot those 33 gained ccrti float es, 
21 failed, and there are lb in band 

The new cold-air chamber, to winch a preliminary rofereueo was 
made in last year'*, Report, has been completed, and has pioved 
very convenient 

It consists ot 1h roe sepaiate divisions, each isolated from tin' 
ethos, and separated by a 3-mrh space packed with fiako charcoal, 
this same packing being continued on all Rides of the divisions, the 
si/e overall being (>£ ft by 0} it by 3 it. 

Tho centro <hamber, 3 ft by 3 ft. by 2 ft , is lilted with sliding 
lacks for the chronometers, and the division on either side is for tho 
ico This is supplied in blocks, winch rest on boards, and drain 
away into a hap and gulley. The chronometer chamber is fui nished 
with trays to hold potftssio ehloudc for dr)mg purposes, and with 
nan vi mu in and minimum thermometers. 

The doors aro packed with flake charcoal, and .ire so arranged that 
the ieo Htures t an be filled oi emptied without any disturbance of the 
eh v oi mmol or chain her 


VII Miscall whims. 

Papa —Prepared photographic paper has been supplied to the 
Observatories at llong Kong, Mauritius, Oxford (Radchffe), and 
Stonyhiust, and through the Meteorological Oflico to Aberdeen, 
Fort William, and Valencia 

Auemogtaph and Sunshine Sherta havo also been sent to HongKong 
and Mauritius. 

(tas Tho inomeiei —Sir Andrew Noble, K.C.13 , having generously 
offered to present a gas thermometer to tho Observatory, and to 
defray the cost of sending an assistant to Berlin to study ihe method 
of using a similar instrument at the Reicbsanstalt, at Oharlotton- 
burg, tho Coramittoo gladly accepted the gift. The construction of 
tho instrument has not yet boon completed. 

Pendulum Obwriatione — In July Mr, F. Launn and another oflicer 
of tho Royal Austrian Navy swung half second pendulums m the 
sextant room on the spot where observations weie made some yeais 
ago by von Sterneck, 
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Electric Tramtcayn —During the year a variety of Bch ernes liave been 
promoted for applying electric traction on the trolley system to tram 
lines in the neighbourhood of thoObservatory, and one of these schemes, 
promoted by the London United Tramway Company, for a now lino 
between Kew Bridge and liounslow, passing within 1,300 yards of 
tho Observatory, has received the sanction of Parliament. Tho Com¬ 
mittee, roused by Hie fa to that 1ms befallen tho magnetic observa¬ 
tories at Toronto and Washington, requested Professor Rucker and 
Professor Perry to take the matter in hand A senos of experi¬ 
ments made at \ a nous places in London and Leeds, under the 
general supervision of Professor Rucker, showed that electric rail¬ 
ways and ti am ways, satisfying presumably all the existing require¬ 
ments of the Board of Tiade, produced very sensible disturbances in 
a declinometer at distances of two or tlneo miles This fact was 
brought before tho notice of tho Royal Society, who m turn entered 
into communication with tho Board of Trade, with tho result that 
the following clauses were inserted m tho London United Tramway 
Company's Bill — 

1. The wholo circuit uRcd foi tho carrying of the current to and 
from the carriages m use on the railway shall consist of conductors, 
which ore insulated along the whole of their length to the satisfaction 
in all respects of the ComuussionetK of Her Majesty’s Works and 
Public Buildings (in this section called the “Commissioners”), and 
tho said insulated conductors which convey the current to or from 
any of such carriages shall not at any place be separated fi*om 
each other by a distance exceeding one-hundredth part of tho 
distance ot either of the conductors at that place from Kow Obser¬ 
vatory. 

*2. If. in tho opinion of tho Commissioners, there are at any time 
reasonable grounds for assuming that, by reason of the insulation ov 
conductivity having ceased to bo satisfactory, a sensible magnetic 
field has been produced at the Observatory, tho Commissioners shall 
lmvo the right of testing the insulation and conductivity upon giving 
notico to the Company, who shall afford all necessary facilities to the 
engineer or officers of the Commissioners, or other person appointed 
by them for tho purpose, and the Company shall forthwith take all 
such steps, as Bhall in tho opinion of the Commissioners bo required 
for preventing the piodnction of sucb field. 

3 The Company shall furnish to the Commissioners all necessary 
particulars of the method of insulation proposed to be adopted, 
and of the distances between the conductors which carry tho current 
to and from the carriages. 

It is understood that the above clauses will be insisted on by the 
Board of Trade m the caso of any other tram line which can be 
shown to be a probable source of danger to tho Observatory. 
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The Committee are much indebted to Professor Ruokcr and Pro¬ 
fessor Perry for the trouble they have taken in tho matter, and they 
are also glad to express tlieir acknowledgment of tho valuable 
assistance rendered by the editors of scientific journals and various 
eminent men of science m educating public opinion. Tho Committee 
e\en hope that ere long tramway companies themselvos will recog¬ 
nise tho benefits accruing from improved insulation 

Whilst everything has been done, as far as can be foreseen, to pro¬ 
tect tho magnotograplis, it is impossible to contemplate the tatuic 
without Romo misgivings. 

National Physical Lahorahn y — The Government Committee, 
referred to m last year’s Report, visited the Observatory on 
January 18th. In the course of the sutmuor, that Committee sub¬ 
mitted to tho Lords Commissioners of Her Majesty's Treasury a 
icport, embodying the following four recommendations'— 

1. That a public institution should be founded for standardizing uud 
verifying instruments, for testing matennis, and for the determination* 
of physical constants 

2 . That the institution should bo established by extending the Kew 
Observatory in the Old Deer Park, Richmond, and that the scheme 
should include the improvement of the existing buildings, and the 
erection of new buildings at some distance from tho present Obser¬ 
vatory. 

3. That tho Royal Society should be invited to control tho proposed 
institution, and to nominate a Governing Body, on which commercial- 
interests should bo represented, the choice of the membois of such. 
Rody not being confined to Fellows of the Society 

4 That tho Peirnanent Secretary of tho Boaid of Trade should 
be an ex officio member of the Governing Body; and that such Body 
should bo consulted by the Standaids Office and the Electrical 
Standardizing Department of the Hoard of Trade upon difficult 
questions that may aiise from time to time or as to proposed modi¬ 
fications or developments 

In October, tho Royal Society informed tho Kew Observatory 
Committee that the Government had adopted the report generally, 
and were willing to provide funds for carrying it into effect; conse¬ 
quently the Royal Society asked for tho concurrence of tlio Kew 
Observatory Committee in their action. 

In reply, the Committee expressed their willingness to facili¬ 
tate the execution of the scheme, and to continue to admmistei 
the Obsorvatory pending the nomination of th© new Governing 
Body. The arrangements weio not completed befoie tho close of 
1898. 

Library .—During the year the library 1ms received publication** 
from 



13 


Report of the Kew Observatory Committee . 

20 Scientific Societies and Institutions of Great Britain and 
Ireland, 

93 Foreign and Colonial Scientific Establishments, as well as 
from several private individuals. 

The card catalogue has been proceeded with. 

Avdity Sfc ,—The accounts for IS9H have been audited by Air W. B. 
Keen, Chartered Accountant, on behalf of the Royal Society, and 
by Professor Carey Foster on behalf of the Committee 

The balance sheet, with a comparison of tho expenditure for the 
it wo years, 1897 and 1898, is appended 


PfcKViNAIi Fit* I'AUMSUMKX V. 

The staff employed is as follows:— 

C. Chroe, Sc D , F R S , Superintendent. 

T. W. Baker, Chief Assistant 

K. G. Constable, Observations and Haling 

W. Hugo, Verification Department. 

J. Foster , ,, 

T Gunter „ 

W .1, Box all „ ,, 

G. E. Bailey, Accounts and Libiaiy. 

E. Boxall, Observations and Rating 

Baddorly, VcuJuatioii Department, and six other Assistants. 
A Caretaker and a Housekeeper are also employed. 

(Signed) FRANCIS GATjTON, 

Chairman . 
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Comparison of Expenditure daring the Years 1897 and 1898. 


Expenditure. 

1H‘J7 


1R98 


Inneasc. 

1 Decrease 

Administration — 

V 

\ 

d 

t * 

d 

V 

8. 

<1 

e 

V 

d 

Superintendent.... 

r>oo 

0 

0 

rux> o 

0 







First Assistant. 

331 

18 

0 

333 8 

0 

1 

10 

0 




Office. 

119 

b 

1 

121 10 

0 

2 

3 11 




Rent, Fuel, Lighting, Ac 

88 

9 

2 

87 16 

U 




" 

12 

S 

Caretaker. 

70 

4 

6 

68 18 

0 




i 

6 

6 

Incidental Expenses 

113 

2 

2 

137 12 

1 

24 

9 

10 





1223 

n 

O 

1249 4 

7 

28 

3 

9 

i 

19 

2 

Normal Obser\ atory — 












Salaries—Observations, 












Ac . 

320 

2 

10 

336 15 

c 

10 

12 

8 




Tut idental Expenses .... 

48 

1 

4 

41 1 

7 




e 

19 

9 

Prop A dm Expendituie 

244 

12 

0 

187 ]Q 

0 




57 

2 

0 

Ke scare lies — 












Siilaru s. 

no 

0 

0 

158 8 

0 

48 

8 

0 




Purchase of Apparatus, 












Ac . 

209 

11 

1 

04 9 

2 




i 145 

1 

11 

Prop Adm Expenditure 

306 

18 

0 

375 0 

0 

8 

2 

0 




Tests — 












Salaries. 

898 

11 

6 

918 0 

0 

19 

14 

6 




Incidental Expenses .. , 

203 

0 

(I 

222 9 

5 

19 

8 

11 




Prop. Adm Expenditure 

189 

4 

0 

499 4 

7 

10 

0 

7 




Commissions — 












Purchases for Colonial 












Institutions, Ac .... 

308 

18 

2 

529 3 

1 

130 

4 

11 




Prop Adm Kximnditure 

122 

0 

O 

187 10 

0 

65 

4 

0 




Seismograph. 




55 15 

0 

55 

15 

0 




Cross Expend it uro.. .. ! 

3411 

5 

5 

3573 12 

4 

373 

10 

7 

209 

3 

8 

(showing an increase of | 











£161 Ot n</). 





I 

i 



1 

l 



Extraordinary Expenditure. 





1 




i 



Researches — 



1 









Salaries . 

110 

0 

0 

158 8 

0 

18 

8 

o | 




Purchase of Apparatus, 












Ac . 

206 

0 

7 | 

61 15 

10 




144 

4 

9 

Commissions .— 












Purchases for Colonial 












Institutions, Ac . 

398 18 

2 

529 3 

1 

130 

4 11 




Seismograph . 




55 15 

0 

55 

15 

0 





714 18 

~| 

805 1 

11 

234 

7 J1 

144 

4 

9 

Lea\ mg for Ordinary Nett 



1 

| 









Expenditure . 

2006 

6 

8 

2770 10 

5 

139 

2 

8 

64 18 11 

(showing an in crease of 












1*74 %r. *Jrf). 
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List of Instruments, Apparatus, Ac., tho Property of the KW 
Observatory Committee, at tho present date out of the custody of 
the Superintendent, on Loan 


To whom lent. 

! 

Articles. 

Date 
of loan 

G J. Symons, F RJ9. 

Portable Transit Instrument.. 

1869 

Tho Science and Art 

Articles specified in the liBt in the Annual 


Department, South 

Report for 1893... 

1870 

Kensington. 


Professor W Grylls 

Unifllar Magnetometer, by Jones, No. 301, 


Adams, FB8. 

complete.! 

1883 


Pair 9-mch Dip Needles with Bar Magnets ... 

1887 

Lord Rayleigh, F.R 8. 

Standard Barometer (Adie, No. 655).. 

1885 

i 

Radcliffe Observa¬ 

Black Bulb Thermometer i n vacuo . 

1897 

tory, Oxford. 



Mr P Baracchi 

Unifllar Magnotomefcr, by Jon<n, marked 
N.A U C., complete. 


(Melbourne Ob¬ 

1898 

servatory). 

Dip Circle, by Barrow, with one pair of 


Needles and Bar Magnets .., 

1898 


Tnpod Stand ..! 

1808 

Tho Borchgrovink- 

Dip Circle, by Borrow, No, 24, with four 


Newnes Antarctic 

rieedles and Bar Magnets... 

1898 

Expedition. 




VOL. LXV. 


0 
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APPENDIX T. 


Magnetioal Observations, 1898. 

Made at the Kew Observatory, Old Deer Park, Rich¬ 
mond, Lat. 51° 28' 6" N. and Long. 0 h l m 15*‘l W. 


The results given in the following tables are deduced from the 
magnetograph curves which havo been standardised by observations 
of deflection and vibration. Theso wero mado with the Collimator 
Magnet KOI and the Declinometer Magnet marked K.O. 90 iu the 
9-inch Umfilar Magnetometer by Jones 
The Inclination was observed with tbo Inclinometer by Barrow, 
No. 33, and needles 1 and 2, which aro 3£ inches m length 

The Declination and Force values given in Tables I to VITI aro 
prepared in accordance with the suggestions made in the fifth report 
of tho Committee of the British Association on compaimg and 
reducing Magnetic Observations. 

The following is a list of tho days dui ing tho year 1898 which 
were selected by the Astronomer Royal, as suitable for the deter¬ 
mination of the magnetic diurnal inequalities, and which have been 
employed m tho preparation of the magnetic tables — 


January. 3, 4, 7, 9, 23 

February. 1, 3, 7, 26, 27. 

March. .. I, 3, 4, 24, 31. 

April. 1, 9, 21, 22, 29. 

May. 7, 19, 21, 23, 25 

June. 5, 13, 17, 20, 21. 

July. 2, 10, 15, 16, 18 

August.. 1, 8, 10, 15, 25. 

September .. 6, 7, 12, 21, 26 

October. 1, 8, 12, 16, 18 

November . 5, 10, 14, 29, 30. 

December. 11, 12, 17, 23, 26 
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Tabic I.—Hourly Means of the Declination, as determined fiom the 


*«• rts -1 Mid i ^ i 2 i s - 1 * 


1898 
Months 
Jan .. 
Feb .. 
March. 
Orfc. .. 
Nov. .. 
Dec. .. 


B. 6 7 ft, 1 9 10. 11. 

__.i _J_I_I i_ 

Wmtor. 


(17° +) West 


3 3 3*5 3 8 3 0| 3*6 3 4' 8*2 3 0, 2*9, 3 O' 3*3 4*8 

3 0 3-2 3 3 3 3 3 4 3 3 2 9 2*8 2 7 2 4 8 1 4*7 

1*3 13 13 1 2> 0 9 10 10 0*8; 0 11-0*4 0*6 2*9 

-1*7 -1-0 -l 5-1*5 -1*5 -1*7 -17 -2 5 -3 aS-3‘0-0 8 1 *8 
— 1*6 —1*7 —1 1 —0*8—0 9—1*0 —1*0 —0 9 —0 9—0 8 0*3 1 5 

-1*5 -1.3 -0 8 -0 7 -0*8 -0 7 -0*8 -1 1 -1*3-1 1 -0 3 07 



Means 6 2 I 0 0 0 5 0 3 0*1-0 5 -1 4 -2*0,-2 4-2 4-1 6 0 7 3*8 


Table II —Diurnal Inequality of tbo 

Hours Mid. 1. j 2. j 3 | 4 | 5. j 6 j 7 8. 9. 10. 11. 

Summer Means 


/ / / / / / / 


-0 7 |-0 8 j-l*0 j-l*2 -1 8 |-2 7 |—3*3 j-37 -3*7 -2*9 j-0*6 +2*0 
Winter Means 


/ 


/ 

r 

/ 

/ 

t 

/ 

/ 

t 

/ 

-1*0 

-0 9 

1 

-0 6 

I 

-0 6 

1 

-0*7 

-0 7 

—0 '9 

-1*1 

-1*4 

-1*4 

-0*4 


Annual Means. 



t 

-0*8 

00 

© 

1 

1 

oo 

/ 

-0*9 



/ * 

2 4 -2-6 



Not*.—W hen the ogn te + the nwgnet 
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selected quiet Days in 1898. (The Mean for the Year = 17° 


V 4 West.) 


Noon. 1. 


3. 4. 


10 I 11. Mid 

noon. , 


W inter 


5*6 

5*7 

5*0 

4 ‘4 

4 2 

1 4 * 0 | 

3*7 

3 * 4 , 

3 1 

2 8 

2 9 ' 

3 0 

3*3 

6*6 

6 0 

6*4 

0 4 

5 9 

4 9 

4 G 

4 -Of 

3 0 ! 

3 (i 

3 * 2 , 

3 0 ( 

2 * 9 i 

2 « 

6 0 

5*5 

6*6 

6 6 

5 G 

4*3 

3 5 

3*3 

2 9 ) 

2*6 

2*4 

1 * 8 | 

1 8 

1*6 

6*1 

3*3 

3 7 

3*1 

1*9 

0 *3 

0 1 i- 

-0 l ! 

-0 3 - 

- 0*8 

-1 3 - 

IT,' 

-1 5 

-1 8 

4 5 

2-6 

2*9 

2*0 

1 2 

0 8 

0 0 - 

-0 1 

-0 4 j - 

- 0 * 5 ' 

-0 H (- 

1 1 

-X 1 

-1 1 

2*3 

1 3 

1*3 

0*9 

0 2 

-0 1 

-0 c- 

-0 G 

-0 9 |- 

- 1*1 

- 1 * 41 - 

1 3 

-1 2 

- 1*3 

1 11 

4-1 

4*4 

4*0 

3*2 

2 i | 

2 * 0 | 

1*7 

1 4 | 

1 * 2 ' 

(1 h \ 

0 0 

0*7 

0 G 

| 4 0 


Summer. 


5 6 

7*3 

7 3 

6 8 

4 5 

8 4 

1 2 4 

1 8 

L 9 

1 8 

1*4| 

1*1! 

0 8 

6*6 

7*7 

8*4 

7*8 

6 8 

3 8 

2 o| 

1 1 2 

1 3 

1 7, 

1 7 

1 6 

l 4! 

1 1 

0*1 

6*3 

5*8 

5 3 

4 1 

3*2; 

2*3 

1 9| 

1*3 

0*8 

1 0 

1 5 

1 3 

l*o| 

0*1 

5-4 

6*5 

5*5 

4*6 

3*1 

2 0 

1*7 

1 fij 

1 5 

1*5 

1*3 

1 0 

0 9 

6*2 

5 8 

7*2 

0*8 

5 9 

A -Q 

2*4 

1 6| 

I 2 

1 0 

1*0 

0 9 

0 Gi 

0 4 

6 9 

5*6 

6*4 

5*3 

3 2 

1*3; 

0 2 

— 0 ’If 

0 3| 

0 1 

-0 *7 

-0 6 


-O*0| 

51 

5*9 

6*9 

0-3, 

4-9 

3 3 

2 1 

1 i r. 

l 3 

1*2 

1*1 

} 0 

0 fij 

o*G 

0*2 


Declination as deduced from Table I. 


Ifoon 

i. 


3 

4 

5 

0 

7. 

8. 

9. 

10. 

31 . 

Mid. 






Summer Means 






/ 

/ 

/ 

/ 

t 

t 

/ 

t 

r 

, 


, 

f 

*■4*6 

t-5*G 

+ 6*0 

+ 3 6 

+ 2 0 

+0-7 

+ 0*1 

-0 1 

-0*1 

-0*3 

-0 3 

-0 5 

-0 7 






Wintor Means. 






/ 

/ 

# 

/ 

t 

/ 

, 

t 

/ 

/ 

/ 

t 


+ 2*6 

+ 3*0 

+ 2 *5 i 

+ 1*7 

+ 0*9 

+ 0*0 

+ 0 2 

-0*1 

-0*3 

1 

-0 7 

i 

-0 8 

' 1 

-0 8 

-0 9 






Annual Means 






/ 1 

/ 

t 

/ 

r 

t 

r 

/ 

f 

/ 

1 ' 

r 

i 

+8*6 ' 

+ 4*3 

+ 3*8 

+ 2*7 

+ 1*5 

+ 0*7 

+0'2 

-0*1 

-0*2 

-0*5 

1—0*6 

-0 0 

-0*8 


points to the west of its mean position. 
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Table III —Hourly Means of the Horizontal Force in C.G.S units (corrocted 

(The Mean for the 


Hours 

Preceding 

noon 

Mid 

1 

> 2 

3 

4, 

1 5 

0. 

7 

8 

9 

10. 

11, 


0*18000 + 




Winter. 









1808 
Months. 
♦Tan. . . 

340 

351 

352 

351 

352 

353 

355 

358 

357 

355 

351 

347 

348 


Feb. ... 

3M 

:ti>2 

301 

301 

301 

303 

864 

366 

366 

305 

362 

358 

357 


March. 

3411 

350 

351 

356 

357 

355 

357 

359 

300 

358 

351 

345 

340 


Oct. ... 

355 

309 

370 

369 

360 

308 

369 

368 

366 

361 

353 

348 

848 


Nov. .. 

3 Co 

360 

309 

308 

370 

371 

374 

377 

37fi 

372 

365 

360 

861 


Dee .. 

378 

381 

382 

382 

383 

381 

381 

384 

385 

383 

384 

385 

382 


Means.. 

358 

305 1 

1 __i 

365 

364 

305 

366 

| 367 

369 

368 

366 , 

361 

357 

S66 







Summer 









April... 

343 f 

360 ! 

1 

358 

358 I 

357 

356 

350 

364 

354 

1 348 

343 

338 

338 


May ... 

303 

373 

372 

Brail 

309 

309 

367 

362 

I 352 

! 345 

342 

340 

1 341 


J une ,.. 

350 

373 

372 

371 

371 

J7o 

369 

365 

361 

353 


318 

361 


July .. 


370 

3f»9 

ITZil 

370 

370 

jftgl 

304 

357 

351 

347 

347 

356 


Aug ... 

358 

378 

375 

373 

373 

372 

300 

366 

362 

356 

361 

349 

866 


Sopt. ... 

333 

355 

350 

357 

354 

352 

351 

348 

344 

isa 

334 

328 

831 


Means.. 

353 

308 

307 

366 

360 

305 

361 

300 

355 

319 

346 

342 

345 



Table IY —Diurnal Inequality of the 


Hours | Mid 

1 | 2. 

i 3 - 

1 

4. f> 

6. 


8. 

0. | 10. 

11. 




Summer Means 





| + *00006 

+ *00004j+ 00004 1 + 00003 + *00002 + 00001 

- 00003 

- 00008 

- 00014 

- 00018 - *00021 

-*00017 




Win Ur Mean* 





| -oooooj 

oooooj- 00001 

00000 

+ •0000/ h *00002 

+ •00004 

+ *00003j 

! + *00001 

| — -00004 j - *00008 

!— *00000 




Annual Means 





+ *0000j| + 00002 + 00001 

+ *00001 

+ 00001 + 00002 

■00000 

- 

1 — -ooooaj 

-*00007 

! 

|- 0001 lj- 00010 1 

- *00013 


Non.—When the sign Is + the 
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for Temperature) as determined from the selected quiet Days in 1898. 
Year = 018364.) 


Noon 

1 

2 

3. 

4 

5 

6 

7. 

8 

9. 

10. 

11. 

Mid 

Succeeding 

noon. 







Wmtor 






850 

354 

353 

363 

351 

354 

354 

354 

354 

354 

354 

354 

354 

354 

357 

350 

362 

362 

359 

361 

361 

361 

3G2 

303 

363 

363 

363 

358 

342 

847 

361 

353 

35b 

' 356 

357 

359 

360 

360 

301 

361 

3G3 

345 

354 

859 

366 

368 

369 

371 

371 

373 

374 

374 

373 

372 

371 

353 

866 

870 

371 

372 

372 

375 

376 

370 

376 

375 

373 

871 

372 

368 

383 

384 

384 

383 

385 

386 

387 

387 

385 

384 

384 

384 

383 

380 

350 

362 

364 

365 

365 

367 

368 

368 

368 

368 

308 

807 

368 

361 








Sutmnr 

r. 






343 

350 

353 

354 

356 

360 

300 

366 

365 

363 

360 

361 

361 

342 

347 

353 

360 

364 

369 

374 

370 

380 

381 

380 

378 

377 

376 

361 

359 

365 

871 

371 

373 

376 

378 

380 

370 

37G 

375 

878 

372 

855 

363 

866 

309 

375 

375 

377 

379 

380 

37H 

380 

379 

370 

375 

360 

361 

801 

303 

866 

370 

874 

380 

382 

883 

381 

382 

382 

380 

364 

340 

349 

861 

352 

354 

857 

360 

803 

805 

365 

362 

, 362 

362 


362 

857 

1_ 

361 

364 

366 

370 

■ 

| 373 

i 

375 

375 

375 

373 

372 

371 

355 


Horizontal Force as deduced from Table III. 


Noon | 1. 

2. 

3 

4 

6 

6 7. 1 

8. 

9. 

10. j 

11. 

Mid. 






Summer Means 






-*00011 

- *00006 

-•00002 

+ •00001 

+ •00004 

+ '00007j+ *00010 + *00013j+ *00012 

+ •00012 

+ 00010 

+ 00000 

+ •00008 






Winter Means 






-•00006 

- 00003 

-•00001 

*00000, 

■00000 

+ •00002 

+ -00003 + 00003 

+ *00003 

+ 00003 + *00003 j+ -OOOOzj + *00008 






Annual Means 






- 00008 

| — *00004 

-■00001 

j+’00001 

+ *00002!+*00006 

+ *00006 + *00008 

+ ■00008 

+ •00008 

+ •00006 

+ *00006 

+ •00005 


reading li above the mean. 
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Table V.—Hourly Means of the Vertical Force in C.GKS. units (corrected 

(The Mean for the 


Hon re 

Preceding [ M , 
noon, j 

1 

2 

3 

- 

5 

6 

7. 

8 

9 

10 

11. 


0*43000 + 


Winter 








1898 














Month b 
J an ... 

802 

899 

899 

899 

899 

899 

898 

897 

897 

896 

895 

805 

897 

Feb ... 

807 

902 

902 

901 

901 

901 

901 

901 

900 

900 

900 j 898 

896 

March • • 

891 

908 

908 

908 

906 

905 

906 

904 

901 

904 

902 

897 

891 

Orfc .., 

850 

882 

802 

861 

HG1 

862 

861 

802 

863 

862 

857 

852 

862 

Nor ... 

865 

873 

874 

875 

875 

874 

874 

872 

870 

870 

870 

868 

867 

Pet* 

m 

863 

863 

802 

862 

863 

864 

864 

864 

863 

863 

863 

862 

Means 

877 

884 

885 1 884 

884 

884 

884 

i 833 

1 

883 

882 

881 1 879 

877 






Summer. 







April... 

875 

808 

837 

890 

896 

895 

894 

893 

893 

891 

888 

884 

879 

May ... 

878 

808 

897 

896 

896 

898 

898 

! 899 

897 

892 

885 

878 

873 

June ... 

883 

894 

892 

892 

891 

892 

894 

892 

891 

889 

883 

876 

; 873 

July ... 

893 

[ 905 

905 

903 

903 

902 

904 

903 

902 

900 

895 

893 

889 

Aug ... 

883 

898 

807 

896 

895 

896 

897 

897 

896 

804 

889 

887 

880 

Sept . .. j 

830 

853 

852 

851 

850 

850 

850 

851 

851 

849 

816 

840 

| 837 

Means | 

87 4 

891 

890 

I 

889 

889 

890 

889 

888 

> 886 

881 

876 

873 


Table VI —Diurnal Inequality of the 


Houraj Hid. | 1 

l * 

3. 

4. 

6 | G. 

7. 

8 

1 * 

10 

11 . 




Summer Means. 



|+ *00003 + «xxd+ '00001’+ 00001 

1 1 1 1 

+ 00001 

+ ‘00002 j+ *00002 

+ ■00001 

- *00002 j- -00007j- *00011 j- 0001 ft 

Winter ftteui. 

U *00001 + -00001 

1 

+ •00001 

+ •00001 

+ •00001 

•00000 *00000 

•00000 

- 00001 

-•00002 

-•00004 

— *00000 

Annual Meant. 

[+*00002j+ *00002 

+ 00001 

+ *00001 + *00001 

1 

+ *0000l!+*000011 *00000 

- 00001 

-00004 

-•00008 

-•00010 


Not*.—W hen (be sign U + the 
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I for Temperature), as determined from the selected quiet Days in 1898, 
| Year =s 043885) 


Noon. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

Mid. 

Succeeding 














noon. 








Winter 






897 

898 

902 

901 

901 

901 

900 

900 

900 

900 

899 

899 

899 

897 

897 

899 

901 

904 

905 

906 

906 

905 

905 

904 

902 

902 

902 

892 

889 

892 

898 

808 

001 

902 

903 

904 

904 

905 

904 

903 

903 

899 

853 

856 

859 

863 

864 

8G3 

863 

862 

802 

862 

802 

862 

861 

850 

860 

873 

876 

877 

877 

878 

877 

877 

877 

875 

874 

874 

874 

869 

862 

m 

807 

860 

865 

806 

805 

805 

864 

803 

803 

864 

864 

859 

879 

880 

883 

885 

885 

886 H86 

i 

885 

885 

885 

884 

884 

1 i 

884 ' 

1 878 








Summer 






876 

878 

886 

8D2 

897 

900 

903 

903 

902 

900 

899 

898 

897 

875 

874 

879 

887 

896 

901 

903 

•904 

904 

902 

901 

900 

901 

900 

868 

873 

880 

884 

889 

893 

897 

897 

898 

898 

895 

8y4 

893 

893 

850 

868 

892 

809 

906 

911 

914 

915 

914 

913 

912 

909 

907 

906 

878 

886 

885 

891 

896 

902 

904 

904 

902 

902 

902 

901 

899 

897 

887 

836 

838 ; 

845 

852 

856 

856 

855 

855 

855 

853 

851 

851 

849 

837 

872 

876 

882 

i 

893 

896 

896 

896 

895 

894 

892 

892 

j 890 

867 


Vertical Force as deduced from Table V. 



m&mt Is abort tht mean* 
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Table VII.—Hourly Moans of tho Inclination, calculated from the Horizontal 


Hours 

Precoding 

noon 

Mid. 

1 

2. 

3 

1. 

6. 

6 

7 

8. 

9. 

10 

11. 



67° ^ 




Winter 






1898. 














Months. 

» 

/ 

/ 

/ 

t 

/ 

/ 

t 

/ 

t 

/ 

/ 

/ 

Jan .<.. 

18 8 

18*8 

1H 8 

18 8 

18 8 

18 7 

18-6 

18*3 

18*4 

18 5 

18 7 

19*0 

19 0 

Feb.... 

18 6 

18 2 

18 2 

18 2 

18 2 

18*1 

18 0 

17 9 

17 9 

17 9 

18*1 

18 3 

18 3 

March.. 

18 9 

18 8 

18*0 

18-8 

18 6 

18 7 

18 *6 

18*4 

18 4 

18 5 

18-9 

19*2 

19 3 

Oct . 

17 2 

16 6 

16 6 

1G 0 

16 8 

16 7 

16*6 

1G 7 

16 8 

17*1 

17 5 

17-7 

17'7 

Not. .,, 

irt'i) 

16*9 

16*9 

17 0 

10*9 

16 8 

16 6 

16*4 

16*4 

16 6 

17 1 

17 4 

17 3 

Dec.. . 

16 2 

15 8 

15*8 

15 7 

15 7 

15 6 

15 6 

15 6 

15 6 

15*7 

16 6 

15*6 

15*7 

Moans.. 

17 8 

17 5 

17 5 

17 5 

17 •& 

17*4 

17 *3 

17 2 

17 -3 

17 4 

17 7 

17 9 

17 9 







Summer. 






April... 

t 

18 7 

/ 

18 2 

18 8 

/ 

18*3 

/ 

18 3 

18 4 

* 

18 4 

/ 

18 6 

18 5 

18 8 


/ 

19 3 

/ 

19 l 

May.... 

17 5 

17 a 

17*4 

17 5 

17 5 

17 6 

17 7 

18 1 

18 '7 

EUa 

19 o 

a 

18*8 

June ,. 

17*8 

17 2 

17 2 

17*3 

17 3 

17 4 

17 5 

17 *7 

17-9 

18 4 

18 4 

18*4 

18 1 

July.,.. 

17 9 

17*7 

17 *8 

17 7 

17*7 

17 6 

1>*7 

18*1 

18 6 

18 9 

19 0 

EH 

18 2 

Aug ... 

17*9 

IVli] 

17*2 

17*2 

17*3 

17 3 

17 6 

17*8 

18 0 

18 3 

18 5 

18*6 

18 2 

Sept ... 

18*1 

17-3 

17 2 

17*1 

17*3 

17 4 

17*6 

17 7 

17 9 

18 2 

18 5 

18 7 

18 4 

Means.. 

18 0 

17 6 

17 5 

17 5 

17*6 

17 6 

17-7 

18 0 

18 3 

18 6 

18 7 

18*8 

18-6 


Tablo VIII —Diurnal Inequality of the 

'Hours Mid. 4. 5. 7. 9 10. 11. 


Summer MoanB. 


/ 

9 

t 

/ 

$ 

t 

/ 

t 

t 

t 

' 

) 3 

-0 2 

- 0*2 

-0 2 

- 0*1 

0 0 

+ 0*2 

+ 0*5 

+ 0*9 

+ 1*0 

+i-i 


Winter Means. 

lO'l +0 1 +0-1 0 0 0 0 -0*1 —0'2 -02 -0 1 + 0*2 +0*4 +0*4 
Annual Means 

-0*1 -0*1 -0*1 -0*1 -0*1 -0*1 0 0 +0*2 +0*4 +0*6 +0*8 +0*6 


SoTK.-When tho sign is + 
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and Vertical Forces (Tables III and V) (The Mean for the Year == 67° 17'*6.) 


Noon. 

1. 

2 

3. 

4 

6 

6 

7 

8 

9 

10 

11 

Mid 

J 

Succeeding 

noon. 







Winter 








/ 

/ 

/ 

/ 

/ 

/ 


r 

/ 

/ 

/ 

/ 

/ 

18*8 

18*6 

18*8 

18*8 

18 '9 

18 7 

18 7 

18 7 

18 6 

IB'6 

18 7 

18 7 

18 7 

18 6 

18'4 

18 3 

18*1 

18 2 

18 5 

18 3 

18 1 

18 3 

18 3 

18 *2 

18 1 

18 1 

18*1 

18 2 

19*1 

18 9 

18 7 

18*7 

18 6 

18 0 

18 5 

18*4 

18*4 

18*4 

18 3 

18 3 

18 1 

19 2 

17-8 

17*1 

16 7 

16 7 

18 0 

16 5 

1G 5 

10 3 

16 3 

16 3 

16 3 

16 4 

16-4 

17*8 

17 0 

16 8 

16 8 

16 -8 

1C'8 

16 6 

16 ft 

16 5 

16 6 

16*6 

16 7 

16 8 

18 7 

16*9 

15-7 

16*6 

16 *7 115 8 

16 6 

16 G 

15 5 

15 5 

16-6 

15 6 

16 6 

15 6 

15 6 

15'4 

17-7 

17*6 

17 6 

17 5 

17 5 

17 1 

17*1 

17 3 

17 -3 

17*3 

17 -3 

17 3 

17 *3 

17 6 







Summer 







» 

/ 

/ 

/ 

t 

t 

/ 

1 

/ 

~7~ 

t 

/ 

' / 

/ 

18*7 

18*3 

18 3 

18 4 

18 4 

18 2 

17 9 

17 9 

18 0 

18 1 

18 2 

18*1 

! 18 1 

18 8 

18‘4 

18 1 

17 9 

17 8 

17 7 

17 4 

17 3 

17 0 

19 9 

17 0 

17 1 

17 1 

17’3 

17 3 

17*6 

17 4 

17 1 

17 2 

17 2 

17 1 

17 0 

16 9 

16 9 

17 1 

17 1 

17 2 

j 17 2 

17*3 

17 7 

17*7 

17 C 

17 4 

17 0 

17*5 

17 4 

17 3 

17 4 

17*3 

'17 2 

17 4 

17 4 

17 0 

17*8 

;17*8 

17 8 

17 7 

17 G 

17 4 

17 0 

1G 9 

16 8 

16 7 

16 6 

16 8 

18 8 

17*0 

17*8 

17*3 

17 3 

17*4 

17*4 

17 2 

17 0 

16 8 

16 7 

16 6 

16*7 

16 7 

16-7 

17*2 

18 0 

17 8 

17 7 

17 7 

17 6 

17 5 

17 3 

17*1 

17 1 

17 1 1 17 2 

17 2 

17*3 

17*6 


Inclination as deduced from Table VII. 



Noon 

1. 

2. 

3. 

4. 

5 

G 

7. 

8 

9. 

10. 

a. 

Mid. 






Summer Means 




/ 

+ 0*3 

/ 

0*0 

/ 

-0 1 

/ 

-0 1 

# 

-0 1 

/ 

-0 3 

/ 

-0 6 

/ 

—0 *G 

/ 

-0 0 

/ 

-0 c 

-0 6 

/ 

-0 6 

/ 

-0*6 






Wmtor Means. 







f 

/ 

t 

/ 

/ 

t 

/ 

/ 

/ 

/ 

/ 

/ 

/ 


+ 0*3 

+ 0*1 

0*0 

+0*1 

+0*1 

-0*1 

-0*1 

-0 2 

-0 2 

-0 2 

-0*2 

-0 1 

-0 2 







Annual Moans. 







/ 


/ 

f 

/ 

i 

t 

t 

f 

t 

/ 


/ 


+0*8 

+0*1 

o-o 

0*0 

0 0 

-0*2 

-0 3 

-0*4 

-0*4 

-0*4 

-0 4 

-0*3 

—0*3 


the reading ia above the mean. 
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APPENDIX Ia. 

Mean Values, for the years specified, of the Magnetic Elements at Observatories 
whose Publications are received at Kew Observatory. 


Place 


Pawlowsk. 

Kfltlmnnonburg 
Kaaan. 

Copenhagen ... 

Stonyhurst ...» 
Hamburg...... 

Wilholmshaven 

Potsdam. 

Irkutsk. 

Utrecht ...... 

Kew. 

Greenwich*.... 

Uccle (Brussels) 

Falmouth. 

Prague. 

St Ilelier (Jer- 

«7) . 

Parc St M&ur 
(Pans). 

Vienna. 

0*GyoUa(Pcsth) 

Odessaf . 

PolaJ. 

Nice. 

Toronto. 

Perpignan.; 

Rome. 

Tiflis.. 

Capodimonte 
(Naples) .... 


Latitude 

Longitudo 

Your 

Declination 

Inclination. 

Hori- 

sontal 

Force 

C G.8. 
Units 

Vertical 

Force 

C G.S. 
Units 

50 41 N. 

30 29 E. 

1806 

0 21 -3 E 

70 41'6 X 

•16496 

•47084 

6(5 49 N 

OO 38 K 

1896 

9 47 *6 E 

70 40 0 X 

■17811 

50765 

55 47 N. 

49 8 K 

1892 

7 30 8 E 

68 36 2 X. 

•18661 

•47345 



f 1805 

10 35 3 W 

68 47-0 X 

•17400 

44821 

55 41 N 

12 84 E. 

\ 1890 

10 29 5 W. 

68 46 6 X 

•17422 

•44824 



11897 

10 21 4 W 

68 43 8 X. 

*17450 

*44826 

53 51 X 

2 28 W 

1897 

18 27 '0 W. 

68 53 0 X 

•17236 

•44663 

53 84 X 

10 3 E 

1896 

11 36'7 W 

67 38'8 X 

*18061 

•43921 

53 32 N 

8 9E 

J897 

12 41 6 W. 

67 49 0 N. 

•18028 

•44213 

5ii 23 N 

13 4E 

1897 

10 9‘7 W 

66 36-3 N. 

*18775 

•43398 

62 16 N 

104 16 JC. 

1896 

2 6 2E. 

70 11 8 X 

20139 

•65929 

52 6X. 

5 UK 

]H96 

It 9*7 W 

67 4*6 N 

•18448 

'43618 

51 28 N 

0 19W 

1898 

17 1’4W 

67 17 6 N 

*18304 

*43885 

61 28 X. 

0 0 

1897 

10 60 '4 W 

107 7 1 N1 
1C7 II 5 X / 

•18387 

j *43567 
\ *43546 

50 48N 

4 21K 

1897 

14 27-3W 

66 19 6 N 

•18017 i 

•13145 

60 9 X 

5 6 W 

1897 

18 42-2 W ! 

— 

•18695 

— 

60 5X 

l 14 25 E 

1 1897 

9 21-1W.I 


•19884 

“ 

40 12 X 

2 6W 

1898 

17 7 9 W. 

65 62 6 N. 

- 

— 

48 49 X. 

1 

2 20 E 

1896 

15 3 0 W. 

65 1 6 N 

•19685 

•42264 



fl895 

1 8 36-OW 

63 9 0 N. 

*20731 

•40951 

48 15X. 

16 21E 

J 1896 
1 1897 

8 30 5 W. 

8 24 8 W 

63 7 *1 N. 

■20756 

•20785 

40944 



ll898 

8 20 8 W 

— 

■20797 

— 

47 63 X 

18 12E 

1896 

7 40-9 W 


*21105 

— 

46 28 X. 

30 40 E 

1897 

4 47 3 W, 

62 30 9 N. 

*22030 

•42372 

44 52 X. 

13 51 E 

1897 

9 36 0 W 

60 28 *0 N 

22088 

•88967 

43 43 K 

7 10 K. 

1897 

12 18 8 W 

60 15 *4 N. 

•22318 

*39069 

43 40 X. 

79 30W 

1897 

4 63 0 W 

— 

•16650 

— 

42 42N 

2 63 E. 

1896 

13 66 8 W. 

00 5 9 N. 

22398 

•88948 

41 64 X. 

12 27 E 

1801 

10 45 1 W. 

58 4'0 N. 

•2324 

3730 

41 43 X 

44 48 E. 

1896 

1 63 7 E. 

55 48'1 N. 

•26670 

•37776 



1 f 1894 

9 41 7 W. 

— 

— 

— 



|J 1896 

9 37'OW. 

56 87 9 N. 

•24007 ! 

‘36464 

40 62 N. 

14 16 E. 

1 1896 

9 32 -1W. 

66 37*1 N. 

•24040 1 

‘36484 


! 

11897, 9 26 *3W. 

56 31*4 N. 

•24075 1 

•36406 


• Of the two values of the Inclination and Vertical Force, the first is based on observations 
with 3-inch dip needles only, the second on combined observations with needles of 8,6, and 
0 inches. 

t Inclination and Vertical Force means from six rammer months 
t Inclination and Vertical Force means from five months, January—May. 
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APPENDIX Ia —continued 


Place. 

Latitudo 

Longitude. 

Tear 

Declination. 

Inclination 

Hon. 

Kontal 

Force. 

C.GS. 

Unite 

Vortical 

Force 

COS 

Units 

Madrid . 

o , 

40 25 N. 

<t / 

3 40 W 

1895 

is c-cw. 

0 L 

_ 


Coimbra. 

40 12 N 

8 25 W 

1896 

17 30'8 W 

69 40-2 N 

•22620 

•386G2 

Washington •. 

38 65 N. 

77 4W 

1891 

fl896 

3 39 9 W 
17 36 9 W 

70 34 3 N 
58 11 8 N 

*19979 

'23346 

6G646 

37648 

Lisbon. 

88 43 N 

9 9 W 

{ 1897 
1.1898 

17 31 *6 W 
17 27 *7 W. 

! 58 8*2 N. 
68 7*8 N 

*23385 

*23413 

•37624 

•37660 

Zi-ka*wei. 

81 12 N 

121 20 E 

1895 | 

2 16 G W. 

45 55 1 N 

•32679 

•33743 

Hons Kong.... 
Tacuoaya...... 

22 18 N. 

114 10E. 

1897 1 

0 23 3 E. 

31 36 9 N. 

*36547 1 

•22497 

19 24 N 

99 12 K 

1895 

7 46 0 K. 

44 22 2 N 

•33428 

82764 

Oolaba(Bombaj) 

18 64 N. 

72 49 E 

1890 

0 33 8 E. 

20 55 6 JN\ 

•37463 

•14326 

Manila. 

14 35 N. 

120 58 K. 

1896 

0 51 0 K. 

16 39 7 N 

*37868 

*11333 

Batavia. 

CHS 

106 49 K. 

1896 

| 1 22 0 E. ! 

29 29 5 8. 

*36768 

*20795 

Mauritius. 

Melbourne. 

20 6 S 

57 33 E 

1896 

1 9 48 7 W 1 

| 54 32 3 8 

•23913 

•33572 

37 60S 

144 58 E 

1896 

8 15 0 E. i 

1 

67 18 3 8. 

•23392 

•55936 
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Measured at 10 a.* daily by gauge 1 75 feet above ground. t As registered by the anemograph. 

The number of rainy days are those on which 0 01 inch rain or melted Bnow was recorded 

In a “ gale ” the mean wind velocity has exceeded 45 miles an hour in at least one hour of the twenty-four. 

In a “ calm ” the mean w ind Telocity for the twenty-four hours has not exceeded 5 miles an hour. 
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teioograph, 70 feet above the general surface of the ground, the original factor 3 being used, 
tered to previous day. J Bead at 10 A.X f and entered to same day. 
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Cuoonian Lecture—"O n tho Eolation of Motion m Animals and 
Plants to tho Electrical Phenomena winch are associated with 
it.” By J. Burdon-Sandkkkon, M A , M.D, F.ll.S deceived 
March 2,—Head March 1G, 1899. 

In a Croonian Lecture which I delivered to the 1 loyal Society in 
1867—moro than thirty years ago—I exhibited a number of diagrams 
of graphic records, in evidence of tho mechanical relations which 1 
then sought to establish between tho movements of the heart and those 
of respiration in the higher animals. 

I have to-day to biing before you results which have also )>cen 
obtained by a graphic method, which however differs from the other m 
that the records are written by light, and not by pen oil pai>d , that 
the time taken in recording is measured in thousandths of ^ctomb, not 
tenths; and finally, that the events recorded aio not the movements ot 
the chest or heart, but the electrical changes which, as will be shown, 
are found to associate themselves with all manifestations of functional 
activity in living organisms, whenever these take place nndei condi¬ 
tions which admit of their being investigated. 

Our purpose is to consider tho i elation of tw r o coincident and con¬ 
current processes, with roforenco to w hich wo make at the outset tho 
assumption that one is functional, tho other concomitant, using the 
word “ function ” in the biological sense to imply the doing by an 
organ of tho work for which it is adapted. Tn the observations which 
I have made from time to time during the last twenty years i elating 
to tho electrical phenomena of plants and animals, it has always been 
my endeavour to icgard them exclusively m relation to the iunetional 
activity of tho structures in which they manifest themselves. In in¬ 
vestigating tho function of a living organ or organism, you have to do 
with a machine that you cannot take to pieces, and it is often the best 
way to observe liow', after its action has lieen arrested, it goes on again. 
To do this under experimental conditions is one of tho most frequently 
used methods of the physiologist. Tho possibility of employing it 
depends on the circumstance that all animal organisms, and certain 
parts of plants, possess the faculty of being awakened from a state of 
rest to normal activity. 

Even undor the most favourable conditions, tho observation of this 
transition is attended with difficulties which arise from the com¬ 
plexity of the chemical and mechanical changes, and the shortness of 
the time spent in their accomplishment. It is this crowding together 
of chemical, thermal, and electrical phenomena into a very brief period 
which determines the method for their elucidation, a method consisting 
to a large extent of a determination of time-relation.*, is., of the order of 
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succession of phenomena, for it i* evident that when you have to do 
with a number of events which appear to be simultaneous, the most 
effectual way to determine then* causal relations is to ascertain the 
order of then occurrence. For, inasmuch as one event which follows 
another cannot bo its cause, the pi oof of their sequenco which accurate 
time-moasuromcnt affords may be of infinite value m indicating vvheie 
the starting point m a complex senes of changes is to Iks sought foi 

The inquiry as to the relation betwcon functional activity and the 
eloctncal phenomena accompanying it, can only be entered upon by 
finding instances in which both processes can be observed togcthei 
Amongst these, those aie to be preferred in which the qtiestiou presents 
itself in its simplest form, the experimental conditions can be most 
easily controlled, and the observations can bo made with the greatest 
exactitude 

It might at first sight seem desirable to begin by describing the 
electrical manifestations of functional aclmtyin the simplest organisms 
and organs There are, however, important reasons for following the 
inverse order To do so is in conformity with the general rule that a 
problem can be most easily solved when it presents itself in its simplest 
toim. In the lowest organisms the relation of function to structure, 
so far fiom being simple, is nceossarily very complex, for functions 
of the most varied kind have to be dischaiged by one and the same 
mechanism, and often in default of any mechanism at all that wo can 
discover, whorc;ta m the highci plants and animals wo find for the 
must pail that every kind of woik has its instrument, every action its 
agent It is 111 the highest organisms therefore that elementary ph\ sio- 
logical questions must )>e studied, and it is in them that they have been 
most studied 

Of the elemcntaiy vital functions, motion was the one fixed upon as 
the subject of this lecture by its founder Its fitness for our purpose 
is pre-eminent. Motion, m the physiological sense, is simple, control¬ 
lable, measurable. It is, moreover, a function of paramount import¬ 
ance as the moans by which the animal organism maintains its relation 
to the oxternal world In the higher animals, muulr is the instrument 
of motion, and therefore claims our consideration. It has, in addition, 
the advantage of being a structure of which the chemical, thermal, 
and mechanical properties are better known than those of any other. 
This advantage applies particular^ to the muscles of tho /iw/, w hich 
on that account, as well as on the grounds which have boon tho occa¬ 
sion of their being most studied, are to 1 ms preferred for our present 
inv estigation. What we have first to do therefore this afternoon is to 
determine the relation betwocn the dedrual concomitants of muscular 
action and muscular action itself; but before entering upon it, I must 
occupy you for a few minutes in stating what is at present most cer¬ 
tainly known as to the nature of that action. 
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When a muscle is roused to activity by the presence of an exciting 
cause, its mechanical properties suddenly change. It shortens and, if 
the shortening is resisted, becomes tight, If the resistance is such as 
cannot be overcome, it tightens without shortening. With reference 
to this mechanical change, we know that it is dependent on chemical 
change, and that that change ih oxidation. Admitting these proposi¬ 
tions, we must necessarily believe that the oxidation is sudden, t.c , 
explosivo, because its mechanical effect (the tension oi taut ness I have 
mentioned) attains its maximum at a very short period after tho 
moment at which the process begins. 

At ordinary temperature we find that in a whole muscle the tension 
which is induced by an excitation attains its maximum in about 3/100 
second. But if we fix our attention on a singlo muscular element, 
i.c,, on one of tho infinite number of molecular mechanisms by the 
cooperation of which tho mechanical change consequent on excitation 
is brought about, it can bo shown that in each taken separately a much 
shorter duration than 3/100 second must bo assigned to the process of 
transition. According to Bernstein, less than 1/100 second must be 
assigned to tho chemical process which takes place m a muscular 
element in response to a single stimulus.* 

This chemical process of extieme suddenness is followed without 
measurable loss of time by the eonveision of the chemical enorgy of 
tho oxiclisablo material into mechanical onergy, winch immediately 
manifests itself either in shortening or in the effort to shorten. Tho 
way in which this transfer once takes place must for tho present be 
left an open question, for, as Professor Jtngelmann explained in the 
Croonian Locturo for 1895, tho transformation of chemical into 
mechanical onergy consequent on excitation of muscle, though by no 
means an insoluble, is still an unsolved physical problem. We know 
how much chemical energy is liberated, wo know how much work ih 
done, and how much heat is wasted, but we cannot explain how it 
happens; it Ixsing difficult to suppose that the temperature required foi 
such transformation can exist m living muscle. 

The absence of a sufficient physical theory of tho origin of muscular 
force does not, however, doprive the mechanical manifestations of the 
process of their value as simplo, measurable, and controllable indica¬ 
tions of functional activity. Whether wo take the case in which a 

# See P Auger's * Arcluv,* vol 67, p. 211, 1897, whero Bernstein describes his 
method of measuring the period of latency As in the mothod described by me in 
the ‘Journal of Physiology ’ in 1895, a magnified image of the moving surface of a 
muscle excited directly u received on a sht, bclund which a sensitive plate passes. 
From the curve to obtamod, Bernstein determines the moment at which tho rate of 
expansion increases most rapidly, and regards this as tho moment at which the 
moving force is at its maximum Hus conclusion, of course, applies to the part of 
the muscle immediately excited 
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muscle strives against a resistance which it cannot overcome, or 
shortens without resistance, or does both simultaneously, the change of 
tension in the one case, of form in the other, or of both, arc measurable 
processes of which the time-relations can bo ascertained with groat 
accuracy. We ai o on safe ground therefore in using either change of 
tension or change of foim as a means of estimating tho vital activity of 
muscle, and in fact both are required. 

For every investigation m which muscular function is in question, 
three points come prominently forward- (1) Tho moment at which 
mechanical energy comes into play ; (2) the maximum energy dis¬ 
played , and (3) the time at which that display culminates. As 
lcgards the fiiht point, the time occupied before the mochanical 
lChponso begins was, for many years, believed to bo 1/100 second. 
Tins estimate was accepted as though on the authority of Helmholtz, 
but was really based on a misunderstanding of his experimental data. 
Hut wo now know that the change of form resulting from the action of 
a single instantaneous stimulus begins in the muscle element not later 
than 4/1000 second after the moment of excitation, and I may be per 
mitted to show you how this result can bo arrived at with absolute 
certainty by the photographic method. (Photogiaph shown ) 

As regards the second and third points, we find it better to measure 
contractile activity by change of tension rather than by change of form, 
firstly, because the method of measuring tension is loss liable to error, 
and, secondl} r , because the process of development of tension is more 
nipid than the development of change of form. For, although with 
the exquisite methods wo now possess of getting rid of inertia in our 
i ooording apparatus, it is possible to measure tho shortening with great 
exactitude, yet it is easier to guard against orrots of observation when 
the other (isometric) method is used. 

Having seen how functional activity can be measured, we may 
advert to the question that principally concerns us this afternoon 
—the question, namely, whether the electrical phenomena may also 
bo regarded as expressions of functional activity. Assuming for the 
moment tho question to bo answerod in the affirmative, with what 
part of our tension curve should wo expect the electrical concomitant 
to coincide 1 Assuredly w-ith tho first and socond hundredths of a 
second after excitation, ?>., with the period of greatest activity of the 
unknown process by which chemical is replaced by mochanical energy, 
and, for a reason which I will at once explain, with the vory begin* 
lung of that process. For, as I have already indicated, the transition 
does not occur at the same moment everywhere, and inasmuch as the 
method which we use for tho investigation of electrical change takes 
cognisance only of what happens within an area of a couple of milli¬ 
metres, wo should expect it to occur not at a moment corresponding 
to tho maximum, development of tension in tho whole muscle, but at 
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the moment at which the transition process is going on with the 
greatest rapidity in the elements immediately columned within that 
limited area. Assuming for the momeut th.it this rapidity is expres¬ 
sible as a measurable electromotive foice, >ve should expect the appeal - 
mice and disappearance of that electromotive force to be represented, 
not by a curve resembling the tension curve, but by a auve of the 
form indicated in the diagiam, (Curve P'm Diagram I ) 

Before losing sight of the mechanical changes i\ hu h have for the last 
few minutes been occupying our attention, thcic aie two other points 
which must be shortly adverted to on account of their bearing on w r hat 
follows The one is the terminahleness and the cyclical character of the 
mechanical process. The muscle returns to its sbthet quo at a certain 
time after it has been disturlwd, a time strictly dependent on tempoia- 
ture and other w T ell ascertained physiological conditions. Wo do not 
know' as yet how it relaxes, whethei it is merely a physical reaction, or 
W'hether it is by the intervention of a new chemical process. This la a 
fjvwitw rrxafa which for the present must lemain open. 

The second point is that although the mechanical process is limited 
in time it is not limited in space. If it were possible to imagine a con¬ 
tinuum of contractile protoplasm, an excitation once stalled would go on 
for ever, «.c., it would he propagated from demont to element—in oveiy 
direction if it were of the nature of c.udiac muscle, in two directions 
only if it w’ere of the natme of skeletal muscle For this process to 
take place we suppose that each element excites its neighbour. In each 
transmission the time lost is almost infinitesimal, yet by summation it 
acquires a definite value, so that the relation between distance travelled 
and time occupied can, when the temperature and other conditions are 
known, bo foretold. In so far as each element transmits its state of 
change to its neighbour without loss it resembles the jiropagation of 
light and sound, but the velocity of piopagation is of so different an 
order that the comjHirison must not ho carried too far. 


Mt thod of Ohsn nitwv. 

We are now in a position to enter on the mquiiy which more 
immediately concerns us. Having the order of the mechanical changes 
which constitute muscular action before us, it will bo our purpose to 
compare with this order that of its concomitant oloctrical phenomena. 
Before I proceed with this comparison it is desirable to say that 
it should bo understood that no reforcnco will he made to electrical 
theory. We meroly derive our modes of observation and of measure¬ 
ment from the exact sciences, and aim at the utmost attainable 
precision; but the phenomena have their chief interest as outward 
and visible signs of intimate vital processes, of which they afford us the 
only knowledge that is within our reach. 
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Wo choose as our subject of observation a musilo of neaily sym¬ 
metrical form—a hand of parallel fibres. Wo explote its electrical 
state, by a conducting arch containing a gahanoscojie, the ends of the 
aich being in contact with its surface It the muscle is no longer 
living, the galvanoscope gives no evidenco of current If it is living, 
there is again no ninent, provided that the two surfaces are m the 
same physiological state If one is Je^ living than tlie other the fuet 1 - 
indicated by a diffeicnce of potential between them, a current floinm/ 
tluoitifh the f/ahnnownpe fioin the nme hum/ to tin In tot/ Vitality is, 
therefore, here indicated by diftcrcnco of potential By vitality we 
moan nothing more than the cupanh/ Jo) ih^hugutg jinatiuo. This 
capacity diminishes by discharge, te y by activity. Accordingly v\e 
find that when, for any roason, the muscular substance at one pait 
becomes more active than the muscular substance at another, the former 
becomes negative to the latter. 

Kveiy observation of the electrical phenomena of muscle (01 of any 
other excitable structure) relates either to the stato of capacity for 
action (called m physiology “rest”), oi to the stato of action or dis 
charge In either case it consists in comparing the stales of twn> 
contacts,* i e , of two parts to which electiodes of a galvanoscopo are 
applied It is obviously desirable for the investigation of the changes 
at either, that those which take place at tho other should bo annulled 
during the period of obseivation. On this consideration a rule is based, 
to tho mode of carrying out of which I will advert presently. 

Most of tho results which I shall place befoie you were obtained 
with tho aid of the capillary electrometer, of tho uso of which as an 
aid to oloctrophysiological investigations I brought before the Royal 
Society some instances nearly twenty years ago Its application has 
sinco been studied with great completeness by Mi. Burch, to whoso 
skill I am indebted for the instruments which I havo used for my w T ork 
during the last ten years, and more particularly for the one which has 
enabled mo to submit to you tho photographic results I am now r about 
to exhibit. These photographs, I need scarcely explain, express the 
exclusions of tho meniscus of tho mercury column as a sensitive plate 
moves rapidly past tho slit on which it is projected, each upward move¬ 
ment of tho image indicating that the surface of contact connected 
with tho mercury has l»cconio at that moment positive to the other. 

I do not propose to give this afternoon even the shortest description 
of the instrument, and I should not occupy time in explaining why it 
answers my purpose so perfectly, were it not that with tho exception 
of Professor Einthovon and Dr. R. du Bois-Reymond the leading au¬ 
thorities on the other side of the Channel, and particularly Professor 

* It may be well to note that the contact* referred to here and elsewhere are 
made by means of noii-polansablo electrodes of tho kind originally devised by 
du Boi»*Raymond and always used m physiological work 
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Hermann, have condemned it a» an instrument of which tho defects 
uro essential and irremediable. As I ha\ o answered these criticisms 
elsewhere, I need only say heio that for the investigation of tho ordei 
and duration of a rapid succession of electrical changes, such as those 
with which we mo now concerned, the instrument surpasses all others , 
and that hy means of it my colleague, Professor (lotcb, has with Mi 
Burch’s aid, successfully photographed phenomena m none, of which 
the very existence could not bo demonstrated a few years ago.* 

Tho puiposes to winch wo apply it are (1) for the measurement ot 
intervals of time between clectneal changes winch succeed each othei 
wuth great rapidity, and (2) the obtaining an estimate of their relative 
intensities Tho properties winch make it so invaluable to us are 
(1) that it responds to the action of a ciurent promptly, beginning 
when tho current is closed, and indicating every change m its strength 
or direction without measurable loss of time ; (2) that utf. pu , the rate 
of ascent is proportional to the electromotive force of tho current which 
produces it; and (3) that tho instrument can be graduated, and its 
graduation verified by comparison with instillments of greater precision, 
and thus used for the measurement of differences of potential of longer 
duration. 

Tho diagiams 1, 2, and 4 illustrate the bearing of these thice pro¬ 
perties on tho cases wo have to investigate As we shall sec, a muscle 
can 1>e brought into action either by an instantaneous stimulus, b^ a 
sctics of stimuli, or by continuous stimulation. Each of these has its 
mechanical and its electrical response. I will anticipate so far as to say 
that the three forms of oloctrical response correspond to tho three 
forms of mechanical They correspond to the changes indicated by the 
black linos m tho three diagrams. I w ill fui ther promise that all known 
excitatory responses— all dcitnnd change s* ichnh ate concomitant ■? of action 
—may he complied mth one of thse types 

Case 1,—Response to a continuous stimulation. A difference of 
potential comes into existence at tho contacts at the tune t , and persists 
long enough to produce its full effect on tho column. (Diagram 1.) 

Case 2.—ISeries of short continuous stimulations. The column 
moves in alternately opposite directions. (Diagram 2.) 

Case 3.—Response to a single instantaneous stimulation. A diffcr- 

# Full information relating to the instrument will be found in Mr Burch's work 
‘The Capillary Electrometer in Theory and Practice/ and his papers in the 
1 Proceedings ’ (vol. 48, 1890) and ‘ Transactions' (A, vol. 183, 1892) of the Royal 
Society. A very perfect method of recording the excursions of the electrometer 
photographically and of interpreting the cur res was described by Prof. Kinthoven 
iu PflUger'a * Arohiv 9 in 1894, and applied by him to the investigation of the 
electromotive phenomena of tho human heart. It need scarcely be added that the 
two methods are the same iu principle. An important paper has also recently 
been published by Dr.R. du Bou.Reyroond in the 1 Archiv f. An. u. Physiol / 1898, 
p. 516. 
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once of potential tonics into existence abruptly, and subsides abruptly 
at fust, afterwards less lapidly. (P in Diagram 1.) 

Now I have found that m the study of my experimental results it 
is of great advantage to proceed a pru/ti. Let us assume that theio 
aie three typos of stimulation, and that each has its form of response. 
Wo can best begin by inquiring to which of these three forms the 
observed variation belongs, and then determine in what respects it 
conforms with, or differs from, the type. 

In the diagrams, I have shown the types of photographic curves 
which correspond to the three for ms of response to stimulation I have 
indicated. Tho faint lines represent photographic curves; the strong, 
variations of potential-difference. In each diagram the strong and the 
faint lines have been drawn in their true mathematical rolation to each 
other, t>., so that the vertical distance npai t of strong from faint is every¬ 
where projHjrtioml to the gradient or slope of tho photographic curve, the 
propmtwu Mng such that tf the E.M.F. of the current acting on the electro - 
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wrier vtvied aecw'dimj to the s fnmj lute, tin movement of the head of the 
meicmy column would he esptessed hj the fund line . We shall see as 
wo prococd that one or other of the three foi ms of photographic* curve, 
whieh correspond to the tbice forms of eloctucu! change, just desig¬ 
nated as typical, picsentM itself m oacmv excitatoiy iespouse mo ha\o 
to investigate, provided that, as T mentioned just now, the change* 
under ouo contact only are recorded 

To ensure this, the evphnmg contacts mast lie so arranged, and tho 
muscle itself so prepared, as to enable us to separate the part of tho 
surface we desire to investigate from the rest, so far as concerns its 
©fleet on the instrument \vc aio using as indicator. It is obvious that 
whoa wo apply our leading-off electrodes to two parts of tho surface, 
both of which are at tho same timo undergoing change, thou* must 
always be a difficulty in determining how fai tho effect is due to 
changes at tho one or at the other contact It is thoiefore essential 
for the correct obscuration of an electrical ehango at one of them, that 
the other should be protected fiom distiubnig influence'. 

Tin Fust hnuhtmuttol A uncut 

An experiment will show' how this maybe accomplished. It will 
also bring us face to face with a phenomenon which is, perhaps, the 
most fundamental of those which at present concern us, the phenomenon 
of the w r avo of excitation, or, to use tho designation given to it by its 
discov erer, tho HemceHe. The nature of the experiment is illustrated 
by Jhagnun 3, in which the Iwuid of parallel fibres represents the 
sai tonus muscle. It is excited (instantaneously) at i A change 


Dmgmm 3 



occurs there w r hich is propagated first to the proximal contact and 
then onwards to the distal contact rf, at a rate which in our preparation 
may 1>© 150 cm. per second. This change is essential^ a vital one, 
but it is attended by a mochnnical change represented by the muscle 
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curve, and an electrical change, which we record photographically. 
Diagram 4 will nerve to explain what (as will he immediately seen) 



Dmgitni) i 


Explanation of Diagram 4 —The horizontal lino 
is Hint ot o^ui potentiality of the two Mir tocos of 
eout041 p and d The nuu 1 P' exprosson the rein* 
tivn negativity (negative difference of potential) of 
the suifiuo p, tlio curve If the i orroapomlmg rela¬ 
tive negativity of the surface d 8 is a curve of 
which the ordinates are the algebraic sums of the 
com spending ordinates ot P' and D\ 8 is the 
photographic oum> which expresses S', P* is the 
pliulogiaphu tune which expresses P. The liuin- 
beis mult i the honzontal line indicate hundredths 
of a second The distance it' expresses the tune 
taken by the wave in its progress fromp to d 


actually happens at the moment the wave passes under p It means 
that a current suddenly appears there, of which the direction is from 
p to d. When the wave reaches </, a second effect of the same kind (//) 
occurs, of which the direction is opposed to the first. What the gal- 
vanoscopic effect of this must be is easily understood from Diagram 4, 
in which the two curves F and If are placed in a relative position to 
each other which expresses their time-relation The two effects sum 
together. In the diagram the curvo S' expresses the result of that sum¬ 
mation, t.c., the actual variations of difference of potential between the 
contacts which occurred while the wave was passing from p to rf. It 
will be seen at once why we call this effect the diphasic variation . 

I explained before, that in accordance with the fundamental pro¬ 
perties of our instrument the curve F would have as its photographic 
expression the curve P. Similarly the combination-curve would 
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have for its photogiaphic counterpart the cui \ e S. May I omphasize 
the point that if you have the curve F of a parallel-fibred muscle, yovi 
can calculate from it ,S M and consequently S y but that from S alone you 
cannot deduce the other* In other words, if you know the form 
of F, you know c\eiy thing «is to the form of the electncal response— 
the llnzwflh. 

Let us now take the actual result. As before stated, tho two contacts 
are at p and d, and the muscle is excited at r. The wave affects tho 
muscle first at p then at d, and the consequent movement of the column 
is photographed (Photo 1). 



PliutogiHpli 1 * 
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You iecogni.se that it is the counterpart of tho deduced curve & In 
other words it is the expression of the effects of two similar processes 
having their scats at the two contacts. Our aim must now be, as I 
have explained, to annul or suspend tho effect of one of them, leaving 
the other intact. The method is simple. After having obtained tho 
record I have shown you, I tie a fine thread round the muscle between 
p and d. I tighten the ligature so as to constrict tho muscle and again 
record the variation. There is no ehango of effect, for the wave is still 
able to pass the constriction. I tighten again : it still passes I then 
draw the ends of the ligature hard, and again photograph I find 
tho photographic curve is no longer S but P, t c., it has assumed the 
characteristic form of the monophase electrometer curve (Photo, 2). 

What has tho ligature effected ? It has exercised no influence on 
either contact, but it has arrested the progress of the excitatory wave, 
so that its effect at^? only is manifested, and not that at d The rela¬ 
tion between the two curves (P and S) is obvious enough when they 
are seen in succession. It will be still more obvious if I place thorn on 
the screen together, in such a way that they are m synchronic rela¬ 
tion to each other (Photo. 3). 

# Photographs 1, 2, and 3 — Curarised Sartorius kept for about twenty-four 
hour* m 0*0 per cent. solution of chloride of *odium. Temperature during obser¬ 
vation 0° C. Contacts, A.c., as m Diagram 6, but p much nearer to d. 
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Tho expoimient may be fiuther varied by altering the seat of excita¬ 
tion from ? to /'. You thus obtain a photographic record which 
represents w hat happened at tf in tho unligatured muscle. If the muscle 
is in a normal state, this is an exact loverscd countcrjwirt of photo- 
graph 2. 

If instead of placing the ligature half way between ftnd we 
plnco it close to the distal electiodo d, tho proximal may then be 
placed in a succession of experiments at different distances from the 
seat of excitation without altering the fonn of the lecorded variation ; 
tho timo at which it begins depends in each case on the distance of 
the proximal contact from the Reat of excitation.f 

In all of these instances the ligaturo acts a a a hhrl . Without 
interfering with tho condition of any other parts it kills the part 
which it grasps and inakos it incapable of transmitting tho excited 


* Photograph » 1, 2, amt 3.— Curansod Sartonus kept for about twenty-four 
hour* in 0 6 por cent solution ot chloride of sodium Temperature during obser¬ 
vation 9° C. Contact*, &c , as in Diagram 5, but p much nearer to d 

t An experiment of this kind is by far the most exact method which we possess 
of measuring the conduction-rate in muscle. This rate is most correctly expressed 

b. the quotient ^rem^hjtucen^ho distance. m#MBHd m two experiment. 
J Difference between the times 

in which tho distance* are different. 
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state from the living structural elements on one side to those on the 
other ; but if we compare the condition of the unexcited preparation 
immediately before and after the application of the ligature, we find 
evidence that breach of continuity of function is not the only effect 
produced by it. If the one contact is placed on the hgatmed part it 
is found that, irrespectively of any excitation, there exists a large® 
difference of potential between the contacts, which may amount to 
four or six hundredths of u volt. 

The Muscle (Utnent 

Now it w oftRy to prov e that this difference is not duo to breach of 
continuity, for if you shove the electrode away ftorn the ligatuie m 
either direction it disappears. The phenomenon which is thus brought 
to light is that to which the great founder of animal electricity, du 
Bois-Reymond, applied the term “ muscle-current,” and when the 
method I have described is employed, it presents itsolf in its utmost 
simplicity—for by the act of tightening the ligature previously applied 
under an electrode, you at once bring into existence a state of things m 
which the constricted part is negative to the living parts on either side 

What happens in this case ? Whnt is the difference between the 
state of the surface of contact immediately before and immediately 
after the tightening of the ligature 1 Nothing more can lie said than 
that a certain process which was going on there and which provisionally 
we call “ life,” Ixiing ignorant of its nature, has been annulled What 
we actually observe may be represented diagramnutically thus *— 



The dmdfid line represent* tin. 1 graduated wire of a potentiometer; at d is a ligaturo 
M yet not tightened round a muscle, p and d are equipotential. The galvano¬ 
meter is at zero and the slider ot the polentiometer it up to the block 
The ligature is tightened; at once the needle indicates a current directed from 
d top, but can be brought by the slider again to cero. 

VOL. LXV. \ 
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The contacts are as shown in the diagram. Before tightening the 
ligature between them they are equipotential, because they both rest 
on muscle in the same physiological state. I icpresent the electrical 
concomitant of that state by an arrow, by which 1 mean nothing moic 
than that if it were possible to connect p with some other part of the 
, muscle, without passing through another electromotive surface, there 
would be a current in that circuit from p to the galvanometer. But 
inasmuch as the actual circuit passes through d where the same condi¬ 
tions exist as at p, but opposed m direction, there is no current. If by 
tightening the ligature 1 annul the effect of d, the effect of p comes 
into evidence This statement is simple, and seems to arise naturally 
from the observed facts, but cannot l>o received without question, for 
it suggests that what we call the “demarcation current" has its seat, 
not at the surface of demarcation, but at the living surface, so that we 
should have to consider the state of “ St) nmtoMfjleit " not as a state of 
electrical inaction, but as a state of balance. 

A similar question would arise as regards tho responso to excitation. 
For when, as we have seen, the Ilnzurllc passes under the proximal 
contact (Exp 1), what happens there (during the 100th of a second 
that it is passing) is analogous to what I have just described as the 
effect of suddenly tightening a ligature at that spot. The moment 
Itefore excitation a state of balance existed between // and J Ab the 
wave passes under p it upsets that balance by annulling the outgoing 
current, then pursues its course until it is extinguished by the ligature 
From the moment that the tail of the wave has left the edge of the sui- 
faee of contact tahind, it has no action whatever on the indicating 
instrument We have evidence of this in the curve of variation itself, 
for the form of the curve is the same whether the wave is blocked by 
the ligature at one centimetre from the point of obsoivation, or at 
three, which could not be the caso if, as I once imagined, something 
happened at the moment of extinction. 

The complete proof that this is so, is however obtained by another 
form of experiment in which tho seat of excitation (i) is shifted from 
the proximal side of p to the proximal side of d The unhgatured and 
therefore equipotential muscle is excited in tho two positions succes¬ 
sively. The results show (1) that tho excitation wave is propagated in 
both directions, and (2) that the form of the curve varies according to 
the order in which the electrodes are reached. This having been deter¬ 
mined, the progress of the wave is stopped by a ligature under the 
distal contact d f and the excitations in the two positions repeated. It 
is now seen that the form of tho wave is the same whatever the direc¬ 
tion from which it approaches the point of observation p. When the 
excitation is proximal to d f it is not now anticipated by a variation at 
</, and there is consequently a long delay (see Photograph 4 ) during 
which the electrometer is unaffected. The experiment affords direct 
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Photograph 4.* 
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ewdence that, although the wholes muscle is in circuit, the presence of 
the wave cannot reveal itself until it is utuler th< tltUiwfe As regal ds 
the action-current therefore, the electromotive sourco is always the 
surface of contact of the leading-off eleetiode with living substance, 
not the surface of contact between dead and living. 

We may now resume our consideration of the form of the propagated 
monophasic variation, or excitatory wu\e. It would bo e«i«y to prove by 
the exhibition of numerous photogiaphs of the monophasic variation 
relating to tliffercnt mnscleh, that all have the same chai acteriatic 
features, indicating that in each muscular element tho elccfci u al change 
culminates from two to six thousandths of a second attei excitation, 
according to the physiological state of the muscle ami the time it has 
been kept, subsiding at first abruptly, afterwards more gr.w bully, so 
that its whole duration (i.e , to tho summit of tho cloctiomefcci curve) 
amounts to from two to six hundredths of a second 

The discoverer of the RtizwdU , Professor Bernstein, asbigned to it a 
very different duration. “In every element of muscular structure, 
the variation lasts between 1/250 and 1/300 second, and coincides with 
the period of latent stimulation ” At first sight this statement seems irro- 
eoncileable with fact, but it in much less so than it appeals to he. We 
have only to assume that JBernHtein’s method of estimating a small and 
transitory difference of potential between two surfaces, wan not suffi¬ 
ciently delicate to enable him to appreciate those which exist during 
the period of decline, and that what he regarded as tho duration of the 
whole variation, was in reality tho duration of its summit only. How¬ 
ever this may lie, it is clear that w r c may divide the period of variation 
into two parts, which we may call respectively the initial rise find the 
decline, of which the latter lasts eight to ten times os long as the for¬ 
mer ; and that we may regard the first as a period of upset, tho second 
as a period of restoration. Taking the jycriod of upset as equivalent to 

* Qurarifled Sartoriua kept for twenty-four bourt Seat of excitation between 
tho leading off contact*, 4 nun from //, 20 mm. from p. 
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Bernstein's “ negative Schwa nlting” wo ran accept all he says as to its 
coincidence in time with the moment of greatest intensity of the pro¬ 
cess by which chemical is tiansformed into mechanical energy—the 
moment in tho shortening of an unloaded muscle at which its rote of 
thange increases most in/wth/ As regards tho period of decline, it might 
suggest itself that the return of each element to its previous state is in 
evciy instance tlio oppression of an anabolic process, not merely a 
icsult of tho cessation of the opjiosifce process. Tho facts wo are con¬ 
sidering, howovor, lead us for the present to regard the whole varia¬ 
tion as tho concomitant of ono and the same chemical process, and we 
are confirmed in this view by the observation that, as we shall see im¬ 
mediately, tho modifications which the monophasic variation lindeigocs 
under external or accidental conditions affect both stages equally 
Of theso conditions one of the most important is tomperature, pai- 
ticularly when muscles which have been kept for some time in physio¬ 
logical salt solution ,uc used * We have hitherto had in view the Sai- 
torius which has been kepi for some twenty-four hours, anti is at the 
temperature of alamt 10" C By placing it in a cooled chamber at 
st tomperature some 6° C, lower, and allowing it to remain there until 
it Has acquired tho teni|>ciuturo of its envnoninent, its mode of le- 
sponfling is not changed, but only in its i elation to time In shot toning, 
it takes a longer time to attain its minimum length, and if its con- 

Photognph 6 


tiaction is resisted, its period of effort is of longer duration. Conse¬ 
quently it is able to do more external work in a single effort than 
Iiefoio, although it is not aide to support a heavier weight or maintain 
a greater tension m a eon l i nitons effort Now all these modifications 
depend, so far as l have been able to ascertain, on diminution of tho 
rate of propagation of the excitatory wave. As has been already 
stated, we are able to measure this rato with great facility and accu¬ 
racy. By alternately cooling and warming our chamber we can deter¬ 
mine in any number of instances the change of rate which a difference 
of 2°, 4°, or 6° C. produces, and compare the data so obtained with the 
effects of tho same changes on tho duration of the monophasic variation 
and on that of the mechanical effort which it accompanies. 

* 1 Journ of Physiol./ vol. 23, p. 832. 
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Up to this point tho phenomena wo have had under consideration 
have been associated with the response of a muscle to a single instan¬ 
taneous excitation, i v tho monophamc vai mtion and the momenta! y 
contraction which it ushers in. We must now pans on to the considera¬ 
tion of tho electrical concomitants of those foims of contiaction which 
moie obviously resemble the natiual action of muscles 

Physiologists have for half a centuiy taught that natural musculai 
action, whether reflex or voluntary, is made up of single eonti actions 
-of definite duration, such as those we have been consideimg, ^',ot a 
ihythmical series of such contiaetions of definite frequency. This doc¬ 
trine—that voluntary motion is a well organised system of twitches—is 
now commonly expieased by calling it a tctmm\ a woid whith was 
some fifty years ago diverted from its medical signification to he 
adopted as a technical term m physiology, but not precisely in its pre¬ 
sent sense. What is now meant by it is that every contraction, how¬ 
ever continuous it may appear to be, is m reality discontinuous. Tins 
conclusion was arrived at by a method which, though sometimes of 
great value to tho physiologist, docs not always lead to tho discovery 
of truth—the mothod which consists in first imitating a natural pro 
cess, and then mentally transfemng the chaiactcustics of the imitation 
process to the natural process which it icpvescnta In the present 
instance the study of aitificial tetanus has taught us a largo proportion 
of what we know as to the properties of muscle, but not much about 
voluntary contraction. Tn assuming the identity of tho latter with 
experimental tetanus, physiologists have perhaps minimised certain 
fundamental difficulties and assigned undue value to ecitain analogies. 

Of tho difficulties, the most obvious one is that discontinuity could 
not, if it existed, be of any advantage For if wc regard tho musculai 
system as the mere instrument of the central nervous system, and ovoiy 
muscular fibre as the instrument of the mutm cell which governs it, it 
is difficult to see how subjecting that muscular fibre to a rhythm of its 
own could have any other ofloct than to interfere with its efficiency. 
Of the analogies the chief arc, fiist, that just as when you listen to a 
muscle in artificial tetanus yon hear a musical sound of which the 
frequency of vibration corresponds to that of tho stimuli, so a muscle 
when contracting voluntarily gives out the quasi -musical sound, which 
Wollaston compared to the rumble of whoels over pavement. The 
other analogy relates to the reflex spasm of strychnine, which is not 
only rhythmical in itself, but is accompanied by a senes of electrical 
changes which are as rhythmical as if they were evoked by a scries of 
stimuli. The discussion of the muscle sound lies outside of our present 
inquiry: tho spasm of strychnine will be considered after we have 
examined the electrical concomitants of artificial tetanus. 
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Seeowi Fiiwhuiirntal Erjertment. 

The punt to which T have first to draw your attention is the form of 
photographic curve which is obtained when tho Sartorius, injured under 
one electrode by a ligature, la excited by a series of stimuli of which 
the frequency is nlxmt CO per second* The photograph shows that 



LMi»to«nph 0* 


the column rises at fust abruptly but afterwards in such a way 
that tho rate at which it risen is at any moment pioportional to it* 
distance from tho point to which it will eventually arrive, i.e. t to tho 
distance between the corresponding point of the curve and its asymp¬ 
tote. Tho electrical state, thorofoie, which comes into oxisteneo when 
n muscle is letanisod (? e , subjected to a frequent series of excitations)- 
uu responds to diagram 1 In other w'ords, the electrometer is acted 
on by the same difference of potential lwtw'een its terminals through¬ 
out, with tho exception that the effect of the first, or first couple, of 
excitations is often greater than that of the succeeding ones. Although 
tins hardly needs proof, it can lw easily verified by direct experiment. 
With this view our circuit is so arranged that w'u can, without altering 
the resistance, project on to a second photographic plate tho effect of 
allowing a constant diHoieuie of potential to act on the mercury column 
just a* tho plato is pissing lmhind the slit. On comparing this curve 
with tho tetanus curve the\ me found to bo nearly identical. 

fiot us now take tho case iff which a muscle is tetanised in the same 
way us in the last instance for a succession of periods of one-fifth second, 
alternating with equal pel umIs of rest (Photo. 7). The complete cor¬ 
respondence of the photographic curve with that represented in 

* Sartorius not owraruod Indim t excitation The undulation* on the line of 
ascent indicate tho frequency of tho stimuli—60 per lerond. Tho radial line 
indicates here, not the moment of stimulation hut that at which the short circuit 
of tho secondary coil was opened 
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diagram 2 indicates that the conditions coi respond with those which 
are there theoretically represented. During each period of excitation 
(tetanus) the movement upwards of the meniscus is determined by the 
difference of potential. During the intervals it follows in its full the 
similar curve of dcpolaiisation. 



From this we may now proceed to othor forms of evperimenU 
tetanus in which the excitations are less frequent. Provided that the 
frequency is not much loss than 40 per second, the general contour of 
the curve resembles the other one, with tho exception that the effect of 
each excitation is seen separately (Photo. 8). If tho frequency is 
diminished to 20 per second tho undulations are more ample, while the 

Photograph S.f 



curve rises to a lower level, the reason obviously being that the electro¬ 
meter is acted on by a smaller number of excitations m a given time. 

• Frequency of excitation oa in Photo. 6. The original shows similar undulations 
in the ascents, which the copy by inadvertence does not show, 
t The first four undulations have been imperfectly oopied. 
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Photograph 9. 



Diminishing the frequency still further (to 14 per second) we obtain 
curve (Photo. 9) of which the character is that of a series of equal an 
similar monophasic variations. 


The Ht fin lllvditml Rt'sfHw+f 

We now go on to cnnipaic the >ailation-eune of artificial tetanus 
with the nearest uppio.ich to a normal contiaction we can obtain for 
investigation, > 12 ., the reflex iespouse of the motor appaiatus of the 
.spinal cord to an instantaneous stimulation of the cutaneous surface 
A ligature is applied as before to the tibial end of the Sartorius under 
the distal contact, but inasmuch as the muscle must now be excited 
through its neive, the pioximal leading-off contact is on the hilus. 
The mode of excitation is the same as befoie, but in this case the effect 
has first to be communicated to the motor cells of the spinal cord 
through the sensoiy apparatus, a process which occupies a relatively 
considerable length of time. The motor cells then deal with it auto¬ 
matically, responding to it in their own way, and inducing in the 
muscles under their control an action which is the faithful and exact 
expression of the changes going on in themselves. 

As is well known, it is not possible in a normal preparation to obtain 
an unfailing response to an instantaneous stimulus applied to the 
cutaneous surface, but the previous injection of a trace of a strychnine 
salt (?.£., 1/30 milligram of the sulphate) is sufficient to give to the 
motor apparatus of the cord the required degree of excitability. A 
single induction current applied to the skin then evokes in the 
♦Sartorius and other muscles, first a twitch which resembles the 
response of the same muscle to a similar stimulus applied to its nerve; 
a little later, this twitch is replaced by a short, sometimes thrilling, 
spasm resembling a short tetanus* What I have to show you is that, 
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although tho reflex spasm i esemblcs a short artificial tetanus as rogards 
the way in which the muscle contracts, the contractions are shown by 
their electrical concomitants to Ihj of a different nature. Tho strych¬ 
nine spasm, as it is rightly culled, is seen not to lie a tetanus, ? not 
to consist of a series of Ringle twitches, but to lie a succession of con¬ 
tinuous contractions, the rhythm of which depends on tho spinal coid, 
not on tho muscle. 



The grounds on which this conclusion is founded appear to me to be 
unequivocal. The observation is a simple one. Tho automatic 
mechanism, which carries tho photographic plate, liberates as before, 
at tho beginning of the period of exposure, an induction current which 
pricks tho skin of the preparation. After an interval which may be 
about a tenth of a second (during which a y/MM-psychologicul process is 
going on in the spinal cord) the muscle responds. A curve is drawn 
simultaneously by the writing lever to which the end of the muscle is 
attached, which indicates that it is in spasm ;t but it is the photo¬ 
graphic curve which tells us the natiue of that spasm. Each ascent of 
the meniscus is seen to be the response, not to a single instantaneous, 
but to a short continuous, stimulation, of which the duration can be 
easily deduced by measuring the time interval between the beginning 
and the culmination of an excursion. By subjecting the muscle arti¬ 
ficially to senes of excitations of similar duration with conesponding 
intervals of inactivity, one can produce an imitation of the strychnine 
spasm which, both in its mechanical and electrical characters, resembles 
the natural one (see Photo. 7). 

# Freshly prepared Sartorius attached to pelvis sod connected to spinel cord by 
ita nerve. Leading off electrodes on liiius and tibi&l end Elating electrodes 
applied close together to skin of flank of decapitated preparation. 

t The carve is often toothed, the teeth corresponding in frequency with the 
electrical undulations. 
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Before leaving the subject of the strychnine reflex, I must refer very 
briefly to such previous observations as bear on our present inquiry. 
The phenomenon is of interest as being one which could not have been 
discovered had we not possessed the capillary electrometer. Its dis¬ 
covery was, indeed, the outcome of the first attempt made by Professor 
C Lovdn to use that instrument for the investigation of the electrical 
properties of muscle just twenty years ago. He was good enough to 
make for me the electrometer which was used in some of my own 
earliest experiments. Shortly afterwards, Mr. Page devised the 
method of obtaining photographic records of our own results and, 
amongst others, of those of Lovdn relating to the strychnine spasm. 
Lov^n’s observation has served ever since as a support for the doctrine 
of discontinuity. No one would l>o more willing than he would, if he 
were with us this afternoon, to recognise its true meaning. 

The conclusion to which all the facts we have had before us up to 
this moment lead, is that normal muscular action is the manifestation 
of what happens in the motor nervous system. If this motor impulse 
is so short that we are obliged to call it instantaneous, the response is 
correspondingly brief; if it lasts longer, we call it continuous , recognis¬ 
ing that the difference between the two is merely one of duration. 
In either case it is of the essence of the response that it is terminable. 
Thera is no difficulty in understanding on teleological grounds why a 
muscle must relax; but of the mechanism by which it is brought about 
we know little, excepting that it is localised m the muscular structure. 
Each element—each tagma—returns to its status quo in the same way 
in a cururised muscle as in a normal one; but whether this power of 
recovery is a process by itself, as some physiologists hold, is a question 
which is at this moment much debated, but by no means settled. It is 
only in so far as it relates to the eloctncal concomitants that it here 
concerns us. Without prejudice to the question whether, as Pick and 
Gad maintain, the relaxation of a muscle is dependent on a special 
chemical process or not, it falls within our present scope to inquire 
whethor by comparing with u normal muscle, one which not only does 
not relax but has been deprived of the faculty of relaxing, we can 
arrive at any electrical indication of such a process. Fortunately we 
hate withm reach a means by which this experiment can lie mode 


The Continuous Response of u I r n atnnuvrf Muscle. 

The alkaloid veratrine* is an agent by which a muscle excited by an 
instantaneous stimulus is deprived of its power of recovering itself. 
The quantity of the alkaloid required to produce the effect is extremely 
small. The addition of one part in a million of veratrine to the 

* The versinns used was kindly prepared bj my friend Professor Dunstan, 
PAS. 
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physiological salt solution in which a muscle has been kept for several 
hours, is sufficient to give it tins property or, ns it may l>e expressed, 
to w veratrimse " it thoroughly The alteration of the properties of a 
muscle by veratrino in such a way that it iwirf continue an effort onco 
begun, has been long known. It is an example of perfectly continuous 
contraction. Normal muscular contraction being rogarded, as I have 
said, as discontinuous, the relation lie tween it and the continuous con 
traction of voratrimsod muscle has not l»een sufficiently considered. 
When therefore we sot to woik to measure the m minimi contractile 
effect of a “veratrino spasm,” T was both surprised and gratified to 
discover that the tension of a \ oratrnmed muscle, when excited by a 
single instantaneous stimulus, was as groat as that of a similar lmt 
unveratriniaod muscle when subjected to a succession of stimuli, if, 
when artificially tetamsed It can aUn lift as great a load and hold it 
up for several (10—*J0) seconds at as gloat a height (Tracings shown.) 

We then proceeded to investigate the electrical concomitant of the 
verutrine “tetanus,” if I may so rail it (Photo 11) and found it to 
be identical with that of an artificial tetanus produced by a succession 
of stimuli of sufficient frequency Its true character can be l>est 
judged of by comparing it with Photo P2, which was obtained by 



introducing into the unchanged circuit a constant difference of potential 
in the way before explained (p. 54). # 

The fact that the yeratrine spasm has the mechanical and electrical 
character of a continuous contraction is of value, not from its bearing 

* Electrical response of ourarised and \ erntrinmed Sartonus to an instantaneous 
Stimulation. Leading off contact# at middle and tibia! end, exciting electrodes 
near pelvic end. The initial rise of l he curve is steeper than that of the comparison 
curve (Photo 18). 
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Photograph 12.* 



on the mode of .iction of a particulai chemical substance, but from the 
evidence it affords that discontinuity is not essontial to energetic 
display of contractile force. In this respect it would lie wholly 
ii relevant to objoct that the data derived from experiments on a 
jHUsonod muscle cannot be applied to a normal one A11 that it \*> 
required to prove is that it is possible for a spasm which is not dis¬ 
continuous to lie as effectual for the doing of external woik as a noimal 
contraction. It can hardly be disputed that the contraction of a vera- 
tniused muscle is continuous. It is, thcrefoic, no longer possible to 
assert that discontinuity is essential to function.il capacity. 

That our results differ from those of other observers is to be 
attributed to the mode of using the alkaloid, and to the homoeopathic 
minuteness of the dose. We estimate the quantity of veratnno which 
actually enters the muscle not to exceed 1/10,000 milligram. 

The Heart . 

We now turn from the skeletal muscles to the organ by the 
rhythmical contractions of which the circulation is maintained. The 
mechanical response of cardiac, like that of skeletal, muscle can be 
evoked either directly or indirectly, but the heart has this peculiarity 
that each part of it has attributes which we are accustomed to regard 
as nervous rather than muscular. It has al>ove all the property which 
belongs, as we have seen from our experiments with strychnine, to the 
motor cells of the spinal cord—(hat of discharging itself rhythmically 
when in a state of continuous excitation. It is characteristic of heart- 
muscle that it exhibits alternating periods of rest and activity, and we 
have now the clearest evidence that it is not in virtue of its possessing 

* Comparison curve obtained by leading off from the compensator a current of 
B.M,F equal to that of the “ action current"j leaving the unexcited muscle in 
circuit. 
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im intrinsic nervous system that it has this property In anothoi 
important respect it resembles the motor apparatus of the cord, namely , 
that its relations to stimuli are governed by what has boon called the 
** all or not at all ” principle It either does not respond or, if at all, 
responds completely In these respects, therefore, tho action of the 
heart is comparable neither with that of muscle acting independently, 
nor even with that of the muscle ner\c preparation, but rather with 
that of muscle acting under the direction of the motor nemon which 
governs it. 

I began the investigation of the electrical phenomena of the heart’s 
boat in 1881 with Mr. Page. We made out two now facts, namely, 
that the electrical change which is evoked by excitation of the surface 
is propagated, at a rate dependent on temperature, not in one direction 
only but m all, as Engelmann had already shown to be tho case with 
regard to the wave of contraction , and secondly, that tho monophasic 
variation is not, as had boon supposed by previous observers, an instan¬ 
taneous change, but lasts during the whole pcuod of energetic systole. 
But neither Mr. Page nor I understood then tho nature of tho initial 
“ spike,” which is so striking a feature in the photographic record of 
the variation in the uuntjined heait. Foi its explanation I am indebted 
to Mi. Burch, w'hose investigations on tho use of the capillary elcetin- 
meter for measuring the electromotive force of currents of short 
duration have been of so much value to physiologists. The moment it 
w as understood that the spike indicated a diphasic variation analogous 
to that of the muscle, I felt that I had the key to the complete under¬ 
standing of mv ow r n previous observations I was, moreover, able to 
bring those into complete harmony with those of Professor Engelmann 
made about the same time with tho rheotomo and galvanometer. 

Let me ask your attention to the photographic curves of the diphasic 
and monophasic variations which I have placed one nlwive the other m 
synchronic relation to each other. It is to bo noticed that the move¬ 
ment of the recording surface is \ cry slow, almut a centimetre a second 
only. To obtain the monophasic curie you have to place the distal 
electrode on a spot w'hich has been devitalised by scorching, and which 
is consequently physiologicallv inactive, the proximal electrode on tho 
living surface near tho junction between auricle and vontricle. The 
instantaneous stimulation is upplied to the auricle some couple of 
millimetres distant from tho pioximal leading-off electrode. The Itn> 
wile is propagated from the auricle to the base of the ventricle and 
then on to the devitalised spot, so that before it arrhes at the contact 
it is extinguished * Consequently the change which is expressed by 
tho electrometer-curve takes place exclusively at the proximal contact- 
surface. It differs only from tho monophasic variation of skeletal 

• This mode of observation correspond* to the first fundamental experiment in 
muscle (see p. 4ft) 
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there is a complete analogy botvveen ihe monophaaic anil diphasic 
variation of the heart and of muscle, icspectively, provided that wo 
l*car in mind that the one is <t i espouse to a nhort continuous stimula¬ 
tion, the other to an instantaneous one. 


-My last example of motion and it** accompanying elcrtiieal phe¬ 
nomena 1 will take bom the plant As oveiyone knows, there an* 
certain parts of some of the highci plants which lespoud to stimulation 
like the motor oigans of animals These instances have been icgarded 
its indications of the do-e ldationship which exists between plants and 
animals as regaids their elementary physiology. The subject atti acted 
the attention of Mi. Ituwm m ielation to certain insectivorous plants, 
and it was at his suggestion that the observations to which I am now 
about hncfly to iefei, weie made The electrical changes can be must 
e.tsily studied and up)HMi in the must striking way m the leaf of 
Jhonnvi. The lcading-nfl contacts aie applied to the opposite surfaces 
of one lobe of the leaf. In the resting •'tatc the one auiface is found 
to be positive to the other At a ceitain moment, a hair on one lobe 
some 10 or 1J millimcties away fiom the place under investigation, ^ 
touched by a camel-hair pencil m excited by an induction cuiieni 
The surface which was betoio positive becomes less so, <uid the emu* 
descubid losomhles as you see, the immophasic heart curve 

It ik not netessaiy on the present occasion to do more than refci to 
this typical expel intent, by which u was showu for tlie first time that 
the migiation of liquid, and consequent sudden closure of the IoIkjs on 
excitation, is accompanied by an electiic.il change analogous to that in 
contiacting muscle, and that in the leal this is propagated at a idle 
varying with tempciutuie Vlthougb the ex penmen t is one of extreme 
simplicity the method of investigation has not, so far oh I know, been 
pill sued by any plant physiologist. The inticisms which were bestowed 
on it by animal physiologists 1 w r it$ able to answer in my second com¬ 
munication to the lloyal Society, and have now the satisfaction to hud 
that the expeiimental data set foith in that paper are given in full in 
ibedermanns inijiortant tieatise on ‘ Eleitio-Physiology.’ 

I have now, though in a vciy incomplete way, described the pheno¬ 
mena bearing on my subject so far a* I have been aide to observe 
them. May I be permitted to Hiibrnii to you the indication* which 
they seem to mo to afford ? 

In striated muscle the primary effui t of every excitation is a process 
of oxidation having its seat at the excited pait. It may be siumised 
that this consists of two stages, namely, liberation of previously intra¬ 
molecular oxygen, and actual oxidation In a single clement of 
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muscular structure tho duration of this process, when induced by art 
instantaneous stimulus, must bo exceedingly shoit, mid corresponds 
with that of the excitatory variation ; but m tho whole organ may 
List until the development of tension 1 uih reached its maximum. 

\\ r e have further learned that the monophasic vanation is a pheno¬ 
menon of great regulanty, and may bo taken as tho typo fiom which 
all othei forms of iespouse to stimulation may be derived, eithei by 
lepetition, pi elongation, or into fci once 

Although no attempt has been made to settle the question whether 
the natural contiaction of muscle is discontinuous, it has boon shown 
that tho electrical phenomena of reflex contraction afford no gioimd 
for supposing that it is so Tho efficiency of tho venitrine spasm 
seems, at least, to justify us m doubting w hot her discontinuity is an 
essential quality of muscular contraction 

Finally, reasons have been given foi thinking that the phenomena 
known as the “muscle current” and tho “demarcation current” au* 
manifestations of processes which have then seat at the surface ot 
contact between electrode and lmng muscle. 


Jpnt 20, im. 

The LORD LISTER, F.R C S, D C L , President, m the Cluir. 

A List of the Presents received was laid on the table, and thanks 
ordoiod for thorn. 

The following Papers wore read .— 

f “The Physiological Action of Choline and Ncurine ” By Pu 
Mott, F R S , and Pi Halliburton, F R S 

II “ On Intestinal Absorption, especially on the Absorption of Serum, 
Peptone, and Glucose” By Professor E Waymoiviii Reid* 
F.R.S 

III. “Studies m the Morphology of Spore-producing Mombors. IV. 

The Loptosporanguito Ferns.” By Piofefisor F. 0. Bmvi it, 
F.R S. 

IV. “ Note on the Fertility of different Breeds of Sheep, w'itli Remarks 

on tho Prevalence of Abortion and Barrenness therein ” By 
W. IIkapk, M.A. Communicated by Professor Weldon, F.R.S. 

V. “Some further Remarks on Red-water or Texas Fever.” By 

A. Edington, M.B. Communicated by Ur Gill, F.RS. 
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“A Sugar Bacteuum.” By H. Marshal, Waiu\ Fits, and 
J liBYNOLDS Ukeen, F It S LVcm ed March 2,—Bond 
March 9, 1899. 

In the * Annals of Botany 1 for 1897,* ono of us published a short 
note on a curious organism—or iHthor association of organisms— 
obtained in Tans, and said to have come from Madagascar, where it 
occurs as “an excrescence on the sugar-cane ” 

It consists of a bacterium associated with at least one yeast, and 
grows in aaccharino solutions, piodunng dumps so like the ginger-beer 
plantt that the assumption seemed warranted that wo had hero a 
symbiosis of tho same kind as that proved to occm there 

Moreover, tlio general course of events in tho use of this body, which 
is employed to make a fermented effervescing dunk fiom common 
brown sugar m water, points to tho same conclusion 

In moderately strong solutions containing 15 to 20 per cent of 
common sugar in water, tho chimps referred to induce a powerful fo¬ 
mentation, resulting m the liberation of relatively enormous quantities 
of carbon dioxide and some acid, tho sanharino liquid being thus 
con voted into a not unpleasant acid drmk, with some resemblance 
to lemonade or ginger-beer 

From the fact that this fermentation occuis rapidly when the corked 
flask is entirely filled with the recently boiled sugar solution, infected 
with a few clumps of tho organism, it is clear that oxygen is not 
necessary in any quantity 

This conclusion is also confix mod by tho observation that if a bottle 
of soda-water is opened, and a handful of sugar added with a few of 
tho clumps, and at once eorkod and uned, the pleasure of the carl ion 
dioxide liberated during the active fermentation which at once ensues 
Irocomes so great m thiee or four days at 22 C , as to cause danger ot 
bursting the flask, and if a manomotei tul»e with mercury is attached, 
as described in the paper above referred to,f tho bubbles of gas piessed 
out come oft steadily for many days, or even weeks, at ordinary 
ternpei iitures, until no more sugar is left. 

The general resomblances to tho w'cll known kephir, also rofeired to 
in tho previous paper, led one of us to repeat the above experiments 
with sugar and milk, instead of soda-water, with the result that carbon 
dioxide came off as lasforo until all tho sugar had disappeared, the milk 
meanwhile undergoing coagulation into clots, but since thebe dots 
remained unalterod for weeks or mouths, this cxjierimont suggests 

* Marshall Ward, “On the Ginger-beer Plant/' * Annalu of Botany/ 1897, vol. u, 

p 341 

t ‘Phil. Trans./B, 1893,pp 125-197. 

X iOfl et/., p. 137. 

F 2 



66 Frofs. H. Marshall Ward and J. Reynolds (ireen. 

that the organism—unlike kophir—does not formant the milk itself, 
lmt only the added sugar, and that the clots are simply due to the acids 
hi united as the sugar is destroyed, a conclusion fully Imrne out hy 
subsequent investigations. 

A preliminary experiment with the guigor-)>eer plant showed that it 
also luhaves in the same way as regards milk, tho fermentation only 
occuts if sugar ?*o added, and lasts only so long as any sugar remains. 

In tho cases lioth of the present organism and of the ginger-beer 
plant, if a dump he placed in sten lined laser wort, the resulting fermen¬ 
tation gives a frothing liquid with a beer-like taste and smell, and a 
rapid deposit of yeast occurs. This primary fermentation is very soon 
finished, and it is abundantly proved hy the expeiiments that tills 
medium favours the yeast—or one of the yeasts—in the clumps, so 
th.it wo may regard this fermentation as merely a particular case ot 
an impure alcoholic fermentation, such as is got 111 ordinary brewing. 

Duung these preliminary trials, and with the object ot testing 
whether acidification of the liquid from tho first would a fleet the mattei, 
it happened to one of us to select lemon-]nice as the medium m one 
case, paitly to acidity the medium, and paitly to add vegetable matter 
othei than sugar The result was somewhat astonishing. Tho mixture 
of -soda-water, sugar, and lemon passed into violent lei mentation in 
three days, and cat bon dioxide carno off abundantly, under a pressure 
of about 1J inches ot niercuiy, and continued to do for many days. 

Such a flask started on April 9, 1897, was evolving gas actively on 
the 12th, this went on without any upparent diminution until May 21, 
and even on June 2J gas was still coming off, though now nuclei less 
pressure No sugar had been added m the interval, and the flask, 
still unopened, remained on a side bench m the labutatory until 
Januaiy 18, 1898 On that date it was opened and examined. It 
still stood at a pressure of G inches of mercury, and ga^e off gas as 
soon as the pressure was ieduced. The nuciosiopic examination 
showqd that lieie, again, as hi the beer wort, tho medium had favoured 
one of the ye.irbts, and although the bacterium was discoverable, it was in 
abeyance, and the compound organism as a whole was not increasing 

In another smnlai case the flask was staitod on May 28, 1897, and 
the pressure of the gas evolved was still supporting nearly 12 inches ot 
mercury on April 23, 1898, and again only yeast predominated in the 
deposit, and examination showed this to bo fully nine, it at once 
renewed its activity when placed in sugar solutions. 

These preliminary expenments will suffice to show that we have iu 
this compound of associated organisms an agent or agents capable of 
betting up very active fermentation m various saccharine liquids, such 
as ordinary sugar and water, or Roda-water, lieer wort, milk, and sugai, 
or an infusion of vegetable substance, such as lemon pulp, and it is 
clear that tho fermentation, though differing m details in each case, 
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always results in the destruction of the sugar, and the production of 
enormous quantities of carbon dioxide. Obviously, also, these fermen¬ 
tations aio anaerobic. 

In order to put this last point beyond nil cavil, however, we placed 
.1 clump of the compound oigamsm into a mixture of a 10 per cent, 
solution of sugai to which 10 pci cent, gelatmo had boon added, and 
kept the tubes at H0° C., while tho air was pumped out from the fluid 
mass and pure carbon dioxide allowed to filter in, and this process was 
lepoatod four or five times, and the dc-oxygenated gelatine, still in an 
atmosphere of carbon dioxide, was then allowed to sot In a fortnight 
the solid gelatine in all those tubes had visible suhmciged colonies 
throughout the mass, and examination showed these to consist of the 
bacterium and yeast found m tho original clumps. 

Similarly, streak cultures on the samo sugar-gelatine medium, grew 
normally on the sloped surface in tubes filled with earlion dioxide, and 
m these again were observed the same bactoimm and tho same yeast as 
had l>een found predominating m tho original clumps 

These cultures—still preliminary in iiatiuo and only dealing with 
the composite organisms of the clumps as a whole—suggested nn 
obvious mothod for separating at least this prominent bacterium and 
yeast from tho clumps. 

Sugar-go latino, made us before, was infected with a small piece of a 
dump, rubbed up by a platinum loop ui sterile water, and plates made 
in the ordinary way in Petri dishes f the dishes wore then placed under 
a receiver, attached to the puinp and exhausted, and then filled with 
c arbon dioxide, with proper precautions as to the purity of tho gas, 
filtration through cotton-wool plugs, &c., and the cultures put aside in 
an atmosphere of carbon dioxide at the ordinary temperature. In a 
week tho solid gelatino showed two kinds of colonies, one consisting 
entirely of a yeast, the other of a bacterium, and closer investigation 
showed them to Ixj identical with the prevailing yeast and liacterium 
m the original clumps. 

Repeated plate-cultures made in this way gave consistently the same 
results, and there was no room for doubt that these are tho two essential 
organisms of the clumps, though they aro not the only species found 
m tho original material, there being at least one other yoast-like 
organism, so common that for some time it was thought it must play 
un essential part. Since this latter—and certain much rarer forms 
occasionally found—will not grow in the atmosphere of carlxm dioxide, 
however, thero can l>e little doubt that tho two anaerobic microbes 
isolated by the above process are the essential constituents in the 
fermentations referred to. 

Their further separation by moans of ropoatod plate-cultures, as 
above, was comparatively easy, the yeast especially being readily 
picked out and further cultivated in sugar-gelatine tubes. 
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As it is not at present proposed to deal with the yeast, which ap¬ 
pears to he a mere variety of S rnenvn\ we pass on to the cultures of 
the bacterium ouly. 

On repeating the plate cultures exactly as before, exoopt the exhaus¬ 
tion and filling with carbon dioxide, it was found that mixtures of the 
jeaat and bacillus grew as well m an as m carbon dioxide. At first it 
seemed possible that this was because the yeast rapidly consumed the 
oxygen and so prepai ed an oxygen-f i oe atmosphere for the bacterium, 
hut further experiments proved that this is not necessary, and that 
both yeast and bactenum can be grown in air as well as in carbon 
dioxide or in hydrogen. 

The appearance of the separated bactenum on the sugar-gelatine 
plates is that of circular, laised, dome-shaped, watery-looking colonies, 
still, like a film jelly, and lifting as a whole on the needle Each 
colony is, m fact, a firm zuoglcra composed of short rodlets m pairs or 
chains, the cell-walls of which are so swollen as to furnish the zoogloea 
jelly The average size of these rodlets is 2—3 ft long by 1 ft thick, 
though much longer rods and filaments occur in other media 

Having once obtained the organism in pure culture, it was, of 
course, easy to test its hchavioui on various media. It is unnecessary 
to enumerate all the media tried, or to give details of the cultures, 
which amount to sevcial hundreds, enough that all oidinary media 
employed by bacteriologists wero tried, as well as a long series of 
special ones devised to meet the suggestions which arose dm mg the 
com se of the investigation. 

A striking fact comes out on surveying these cultures, namely, tins 
Schizom>ceto practically icfuses to grow in or on any pabulum devoid 
of sugar, and, further, ouly certain sugars are capable of supplying it 
with its necessary food. No growth at any temperature could bo 
obtained in normal gelatine-peptone media, or in broth, milk, or other 
animal extracts, sci urn-agar, such as is used by the animal 

pathologists. 


(iehtuut Cult art's. 

Gelatine, 10 per cent, added to “ black sugar ” solution* 15 per 
cent is a capital medium for cultures at 18° C , or thereabouts, and in 
air, in hydrogen, or in carbon dioxide, the liacterium formed prominent 
domed colonics looking like drops of stiff gum or gelatine. 

This black-sugar gelatine was also used for cultures in vatuo. Plates 
kept under a receiver permanently attached to the pump, going day 
and night continuously for a w'eek, show f ed traces of colonies in eight 
days, and in fourteen days the colonies in the exhausted receiver were 


* This" block sugar" is a very dark coarse Demerarn sugar and probably contains 
considerable quantities of mineral and other matter. 
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ns well developed as those m control plates in air at the same (low) 
temperature. 

Streak cultures on black-sugar gelatine with yeast extinct developed 
very rapidly at and near 18' C. Instead of a spreading slimy mass 
as on agar, these former! dense gelatinous, almost brittle, tear-like 
drops and streaks standing a millimetre or more high, and curling up 
oft the surface of the gelatine in a mo^t remarkable and characteristic 
manner. 

On saccharonal-yeast-ev tract-gelatine similar laised streaks weie 
obtained, but less luxuriant than on brown sugar, possibly because 
the temperature was lower, or only 10 pei cent, saechaiose was em¬ 
ployed, or from lack of minerals 

Heer-wort gelatine gave \eiy slight indications of growth, soon 
stopping, and never attaining anything like theso dimensions, the mere 
traces observed being probably due to sacchaiosc in the woit. 

Certain mineral solutions— v //., Kleb\s solution—appeared to inhibit 
the growth in the black sugar and gelatine 

We ha\e here gatheicd together the principal facts of its behavioui 
on golatuio media, localise they seem to bring out clearly that the 
gelatine itself has little or no part to play in the nourishment ot the 
bacillus: mere traces of supeificial liquefaction occur, and several 
experiments show that it is of no slight importance what is added to 
the gelatine, nj , the surprising results of bccr-woit gelatine 


- tiftU, 

Agar (2 per cent ) made up with black sugar and yeast water rapidly 
ioimed laigo slimy blister-hko colonies in four days, both at 25* C. and 
at 19° C The contrast between these large, slimy, flat, and extended 
colonies and the small, raised, dome-like, stiff ones, on gelatine was very 
marked. 

Streak cultures on black sugar agar, with yeast extract, giew rapidly 
as a dull, honey-like slime, spreading all over the surfaco m two days 
at 16—18° and at 23—25' C , as well as at 3G—37° C. 

Agar made up wnth peptone, Ac , was of no uso whatever, nor w.is 
potato-agar. Even peptone-agar with black sugar proved unsuitable. 

Similarly unsuitable was agar made up with yeast extract and sac¬ 
charose, which had been filtered through porcelain, though a pale 
dottod streak formed at first at 25, 27, and 31° C. 

Agar (2 per cent) made up with 10 per cent, saccharose and yeast 
extract not filtered through porcelain, on the other hand, was an 
excellent medium. In twenty-four hours at 30—31° C. t a rapidly 
growing slimy streak had formed, consisting of filaments up to 60 /x 
long and more, breaking up into segments of all lengths down to 1 5 /x 
by 1 /x. These showed no sheaths—they had turned slimy—stained 
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well in gentian violet by method, and \umi' non-motilc. At 

23 and 20‘ C tho growth was miuiIhi hut slowei 

Wort-agar,however, was unsuitable, cultures paiallel w ith the above, 
showing very slightgmwths at any tempeiatiuo ; usidts quite conform¬ 
al tie with previous experience 

Hero, again, wo must conclude that the agai i.s of little m no iinpnit- 
<ini e, except os a support The significance of the failure on agar, to 
w hit h poi cckun-fdtei ed yeast extiuit and sacchaiose was added, appears 
significant, and we shall ictuin to this m order to discuss what happens 
to the yeast extract and sug.u when this mode ot sterilisation alone is 
relied on 

tt/', If'oit 

In l>eer woit (unhopped) the hactcimm glows tanlv well at hist, 
tapid tiubnhty following the infection, and a dn tv vcilowish deposit 
soon falls, consisting of tho thxudent luutenal masses caiM nig dow u 
t olouringmatter, but the liquid u not viscous,and the deposit scarcely 
dnny, and growth soon ceases 

When we lellect that beei woit -n , malt evtiact- -is usually an 
excellent medium for tho growth of fungi, it is somewhat surprising 
that this sugar-loving bacterium should do so badly in it Thinking 
that the failure might be owing to the kind of sugar m beei wort being 
unsuitable, we tried adding saccharose, but no obvious impiovemont 
was effected AVc have seen (p. GD, above) that lioor w'oit and gelatine 
gave poor results, and we concluded provisionally that some unfavour¬ 
able substance oeems in woit 

Stmek by tho success of the preliminary tii.ds with cane sugar, and 
leniemljenng the alleged original habitat of the oigaimm, it was deter- 
mined to try the ciloct of beot ■ this was done not only because beet 
is a well-known source of cane sugar, but also 1 localise one of us hat! 
pieviously observed m a eettam licet disease, that ;i bacterium xery 
similar to the one under investigation spreads in the tissues of the 
sugai-beet, and is connected m some way with the disease itself. 


/>W E'hutt 

Cold w f ator extract of crushed sugar-1 »cet was found at an rally stage 
of tho work to he a favourable medium In tulxib at 25“ C., cultures 
m carbon dioxide rapidly become turbid, and on tlio third day, a dense 
slimy zooglnPH-hke deposit had fallen to the bottom carrying with it the 
<olouring matters, mid containing embedded bacteria. The same at 
I5 U C. in carbon dioxide, the growth being simply somcw T hat slower 
Parallel cultures—from the same tulws—in broth, gelatine, or agar, 
devoid of sugars, showed no growth either in air or in carbon dioxide, 
at 15 r or at 25° C. 
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Tubes of raw beetroot, infected with the gelatinous bacteual dumps, 
showed evident sinking into the tissues in twenty-foiir to fortv -eight 
hours tjt 18°, 25°, and 3l\ and in six da)s the depressed area showed 
collapsed and biowned cells under the microscope A curious white 
zone surrounded the discoloured patches The impression gamed was 
that the bacterium draws out the sugary sap and thmes on it no 
proof of direct entry into the cell walls could lie obtained * 

Cooked, i e , sterilised, beet gave a meie wet jMiteh at first, but m a 
w'cek raised gelatinous lumps of the typical kind w r erc formed 

Hero, then, we appeared to have pi oof that it is really the cane sugar 
which decides the success oi otherwise of the cultures of this gelatinous 
bacterium, and wo entered on what proved to he a very long senes of 
tuals with vhmous kinds of Migais to decide this 


Tunis tnHi Sfff/fu s 

A series of pielinumuv experiments m which cane-sugar, glucose, 
and milk-sugar weie employed, made up in vanous w r ays, soon showed 
that this Iwutenuin grows fai better in cane-sugar than in the others, 
and better in solutions made up w ith yeast-water than in siuh containing 
mineral salts, asparagin, taitrates, Ac 

Wo, therefore, made senes of paiullc! cultures at vanous tumpera- 
tures, in air and in carbon dioxide, and all infected from the same tube, 
using tho following sugats and solutions —Levulosc, pure glucose, 
cane-sugar, saccliaron, lactose, maltose, dextrin, and a, 1 m sly known in 
(huhler’s catalogue as “ dextrin-zucker-Iosung ” Tho sugars wen* all 
made up in 10 per cent solutions, and definite quantities-- ctpial in 
each case—of the othei lugicdients added. 

►Summing up tho results of numerous experiments, it was found that 
no growth occulted m any medium at temperatures of 35“ C\ and 
upwards, except in tho ease of ceitain agar eultmos, where rapid 
growth occurred at and item 37 t\ foi a few days only. 


( i <nu'Sinf<h , 

The most striking results w r eie obtained in all cases with eane sugai, 
especially in a very pure re-crystalliscd form labelled “ Saccharon,” 
though w'o also employed ordinary lump-sugar, and a coarse dark brown 
moist sugar known locally as “ Black sugar.” 

Made up as Mayer’? solution, tho brown sugar rapidly became tin bid 
and viscous, and a dense gelatinous deposit of bacteria formed below 

* Attempts at infection were made in view of the alleged connection between 
bacteria and certain diseases of beet and sugar-cano. See, for instance, *Kew 
Bulletin, 1 No. 85, January, 1894, p. 1, and ‘Zeitsckr. f. Fdanzenkrankh ,* 1897, 
No. 7, p. C5. 
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the sui face. This occurred even m tubes to which a few drops of abso¬ 
lute alcohol were added—a result not obtainable with dcxtnn-Mayer. 

Far better growth was got with cane-sugar and yeast-cxtract how¬ 
ever. • 

The best growth was got with saccharon (10 per cent.) and yeast 
extract, where at all tempeiatuies from 16—27*5° to 31° C., the liquid 
becamo opalescent and mscous m two or three days, and deposited the 
typical gelatinous zooglu'a at the bottom of the tubes. 

The icsults so far show that only the various forms of sacchaiose 
and beet extract (containing this sugar) afford any pronounced growth 
of this Wterium, the best results being got with pure saccharon and 
yeast extract, as indicated by the rapid tuibidity and wscosity and the 
clump of gelatinous deposit. Since othci sugars seem quite unsuit¬ 
able, or oidy induced slight growths expressed as tempoiaiy turbidity 
and flocculent deposits, it may probably be assumed that in “dextrin- 
mucker”* and in “glutose” solutions, wheie indication of the viscosity 
awl gelatinous deposit occui, traces of saccharose w T erc contained. 

Uhu 'M< 

Pure glucose and yeast-water eneouiuged an excellent growth at 
fiist, the liquid becoming tuibul and a flocculent deposit settling down 
m a few- days. No signs of viscosity appeared, however, and the 
deposit w r as quite loose and easily shaken up The fairly abundant 
flocculent giowth at first lod to the expectation that prolonged cul¬ 
tures, or cultivation at different temperatures, might result m the 
development of the typical slimmess awl \iseosity, but repeated 
attempts show that such is not the case. This sugar did not appear to 
mjuio the bacterium, for the deposit was alive after three weeks. 

Nor would it grow on or in gelatine made up with glucose. The 
slight growth obtained m certain cases where commcrcml glucose was 
used may have been due to admixtures. The total results show that 
glucose is not a favourable medium. 

Lentlost 1 (Ft urtov). 

Solutions of levulose prepared as the other solutions became slightly 
turbid in three or four days, and then the bacteria deposited as a veiy 
thin layer, no trace of slime or gelatinous matiix lieing formed, and 
the impression resulted that either traces of somo other sugar must 
have sufficed for what activity was evinced in ordinary glucose solu¬ 
tions, because no growth worth mentioning compared with the pre¬ 
ceding had occuried, or levulose is to a slight extent a food for the 
organism. 

* This proved to be true of this medium ; it consists of dcxtnn and cane sugar 
with a little alcohol. 
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Similar tubes placed hi a vacuum also showed no growth beyond tho 
formation of the flocculent deposit, hardly slimy, and easily shaken 
up into tho clear supernatant liquid—a point of constiast of some 
importance, for m successful cultures in cane-sugar the vis< 0 Mty of the 
liquid above is so great that it is a cry difficult to shako up the deposit, 
which is also dense and gelatinous* 

Repetitions of these cultures gave the same results- a rapid develop¬ 
ment of a very slight turbidity and foimation of a small non-gelatin- 
■ ons deposit which falls and lea\cs the liquid clear. 

Some attempts weie made to see if varying the strengths and 
composition of the lexulose solutions would affect the mattei tj, 
Mayer’s solution made with levulose gave little or no signs of growth 
at all with the bacterium, though it proved a splendid medium for the 
yeast. 

Curiously enough, a mixture of beet cxtiact and this levnlose- 
Mayer’s solution, though it encouraged abundant growth of the 
bacillus, rapidly becoming turbid and then dealing as the deposit 
fell, showed no viscosity nor was the deposit slimy, as occurs in beet 
extract alone. 

hven made up with yeast-extract, no viscosity could be obtained 
nothing beyond tho slight flocculence, and it was deal th.it levulose is 
at liest a poor food material for this lucillus. 


Muf'fl iStftfUla. 

Proceeding from tho observation that the lutlcimm undoubtedly 
inverts saccharose, cultures were made as follows - Dextrose-yeast- 
extract and levulose-yeaat-extract were mixed, and infected with the 
Imcterium: an excellent growth of the organism resulted, at both 
32? and 24° C., but the deposit winch resulted, consisted entirely of 
the non-sheathed bacterium m flocculent masses, and it remains a 
puzzle why the sheaths are formed m saccharose and not in the 
two sugars resulting from its inversion The only conclusion seem^ 
to be that proportion of constituents has something to do with the 
matter. 

“ Ih'iti in-Ziukri-Lunung” 

Under tho abovo name, Grubler supplies a syrupy sugar in which 
tho microscope shows delicate needle crystals, and—merely in the 
spirit of trying all experiments—this was tried with tho following 
results:— 

Made up with yeast water as a 10 per cont. or 15 per cent solution, 
tho bacterium slowly formed a large slimy deposit in from five to ten 
or twelve days at 15° and 23°, but not at 35°, in which rods and chains 
existed in the colourless matrix. The rods measured 1*5 /a x 1/a to 3/a x 1/a, 
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but filaments up to 20 n long were found. The growth resulted in a 
curious opalescent change in the liquid above the whitish dense deposit, 
and it l>ecame markedly viscous so as to draw out into strings 

Made up in Mayers solution also, the same \iscidity and gelatinous 
growth oecuurcd, and this both in an and m hydrogen. Wo hu\o since 
leai nt that this syrup consists of dextrin, cane-sugar, and a little alcohol 


Ih ttun 

The difliuilt^ as to the natme of “ Dcxtiin-Xm kci ” icfeired to 
.dune, led us to tiy dextrin itself, and owing to the kindness of Di. 
Kuhreinann some v eiy puie material was to hand With Mayer's 
solution scvoial experiments demonstrated that no obuous growth 
ottuned, and it was clear that this doxtnn is not the same for 
mitntivo purposes as the “ Dextrin Zucker ” used previously. 

Nor w'as dextrin made up with yeast-water of any use, though 
occasionally \cry slight indications of growth oceuriod during tho 
lust twenty-four houis, but no \ iscosity oi sheathed hactena formed 


Mttlhi ih'ifnn. 

Owing to the kmdnoss of Mr Ling, we we furnished w ith some 
prepared nmlto-duvtrin, but neither as Mayer's solution, nor made up 
with yeast extract, was this sugar oi any use as a medium foi the 
growth of this hacteimm 


Mtflto'ir. 

This sugai, made up as Mayor's solution, was found nnsmted for the 
bacterium, either at high oi low temperatures Nor was it more suc¬ 
cessful made up with yeast extract, a faint turbidity and fiomilenee 
occurred, but no trace of Mseosity at 25 J occurred in four da}s. 


AlilLStnjtn . 

Milk-sugai, whethei made up with yeast-water, Mayer's solution, 
aspaiagm, or peptone, prove<l quite useless as a food for the bacterium • 
no signs of giowth appeared in the solutions at all, at high or low tem¬ 
peratures, m air, or in carliori dioxide. The organism was dormant 
only, howei er. 

ISoluhlr Stturli. 

It seemed w T orth while, in mow of tho gelatinous nature of vigorous 
growths, to see how the bacterium would behave towards soluble 
starch, but in no case could any evidence of growth bo obtained in 
solutions containing 2 percent, of soluble starch made up with Mayei’s 
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solution, or with yeast-water. Thu badeim lay dormant only at tho 
bottom, as expenmeats showed. 

It is evident from the foregoing that of all the bugai^ tried, saceh.i- 
robC is the one which favours the growth of the bacteimm, but even m 
saccharon the growth is distinctly favoured by the addition of yetst 
extract. Some experiments were consequently started to test the 
effect of the yeast extract 


Ihnr ] f'H'st-U'ttffi. 

Fresh yeast, squeezed and drained, and then ground up with luesel- 
guhr and extracted with water, was allowed to stand all night and 
filtered through porcelain Employed alone it was of no use as a 
medium for the growth of the bacterium , nor would the latter develop 
in this raw yeast-watei, to which a per rent of cane-sugar was added. 
The lattei fact was thought to lie possibly due to the law yeast-water 
having inverted the saccharose, and we have seen that glucose and 
1cvillose are not suitable media, and we explained similarly the failure 
-of baccturon-Maker's solution, to whuh this law veast-wiitci was 
added, as well ns failures with biown sugar, and with beet extract 
similarly m;ulo up That failure should follow with dextrin, with 
maltose, with levulose, milk-sugar, and with been wort similarly made 
up, was only to be expected fioni experience with these media con¬ 
cocted with boilod yeast-water 

Further experiments, however, led to the conviction that matters 
were more complicated than would be implied by this explanation 

At one htage m the investigation, being impressed by the stimulus 
to growth afforded by the addition of (boiled) yeast-water to the saccha¬ 
rose solutions, we tried the effect of adding sugai to the raw yeast 
extract and stci ill sing by filtration through porcelain only, and were 
surprised to find that no growth whatever occur]ed at any temperature, 
fv/., 18", 23*, and ♦’JCTC This was after wauls explained as above— 
the yeast extract invorts the sugar befoic it has time to filter 

Wo then tried a series of experiments as follows —Cultures at 
17—20", 2-V, and STC/wore made in 10 per cent, saeclmruu + 
10 per cent yeast-water mixed law and sterilised by filtration only ; 
no traces of giowth occurred in 10 days. The same failure was 
realised with 10 per cent saccharon alone sterilised by filtration only ; 
with yeast extract only sterilised by filtration only; and with yeast 
extract sterilised by filtration and then Unled before adding to tho 
filtered sterile 10 per cent, saccharon solution In no case did any sign 
of growth occur. 

It is therefore clear that the filter either holds back some body 
neocssary for the nutrition of the bacterium, or destroys it in its passage 
through the pores. Also that raw yeast oxtract in some way spoils tho 
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sugar (saccharose) as a food material, probably by inverting it And' 
nevertheless the bacteiium Hon mhos m conjunction with the living 
yeast m saccharose solutions Here is a puzzle w htoli wo have not 
succeeded in explaining 

It may bo merely noted that numerous trials wero made m other 
media than those mentioned, among which glycerine and yeast extract, 
alcohol with suechaion and yeast extract, starch treated with diastase, 
also potato, i«urot, and milk aie the most important. No growth of 
bignihcanco was obtained m any ease, and the irsults may be neg- 
Ic( ted 

The Atuhhf of the Cttlhtir *«. 

♦Several tests showed that the cultures of the bacterium are uud, 
and the following expeimients were made Stonhsed blocks of maiblo 
were placed in the culture tubes beforo thoy wcie steamed, and thou 
the infections made as More. In saccharose yoast extract, the active 
growth which resulted was accompanied bv a more diffused viscosity 
than bofmo, and gas bubbles (COj) ascended for days Tubes of mixed 
dextrose and lewiloso with yeast extract, treated exactly similarly, 
liecamo turbid, and gave off bubbles, but no tiace of viscosity resulted , 
the abundant flocculent deposit consisted entirely of the non-sheathed 
form of the Iwietermni 

As will appear later, the and which causes this liberation of COj isl 
mainly acetic acid 

On the Xahne of the Gelatinous Hat nr ui Slime. 

A number of expo invents wero mode to deteimmo the nature of tho 
viscous slime and the jelly-like matrix holding tho bacteria. Although 
reasons have already Wen given for concluding that this is really 
nothing moio than the swollen cell-walls or sheaths investing tho 
bacteria, the possibility of tho opalescence and viscosity of the saccha¬ 
rose media being dno to the direct action on the sugar of some enzyme 
or other laxly excreted by tho organism requires investigation, foi it is 
conceivable that such slimes might arise in any of three \v;t) s 

(1) As products of metabolism from the interior of the cells, such as 
eortamly oitui in the glands of higher plants, e q , tho mucilage hail’s 
of ferns * 

(2) As products of tho action outside the colls of some enzyme-liko 
body which escapes fiom the organism and acts directly on tho sugai.t 

(3) As products of conversion of tho cell-walls of the organism, 
those swelling up and becoming diffluent as in the case of the ginger- 
lmer plant \ 

* See Gardiner anrl Ito, * Atmal* of Bolau> yqI 1, p. 27. 

t Set* Ritsert, 1 Cent. f. Bakfc ,* \ol. 11, p. 830. 

J 1 Plnl Trun**,' B, 1892, lor cit . 
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It scorned impossible to test the first suggestion on stuh minute cells, 
but attempts vveio made to Lest the second one by the following 
expeument - 

The barteimm was grown m saccharose yeast extract inside a poieo- 
l.un filtei plunged into the same solution, the gelatinous matnx was 
formed in abundance mvth' the filtei, but none was developed outside 
although the liquids communicated ficelv through the pores ol the 
filter Of course the iopl\ may be made that an cn/ymo of this 
nature may be unable to tiaverso the fine pmes, and the question 
must l»o icgardod as still open 

These gelatinous sheaths oi “ capsules ” aie now known in many 
Scluxomycefccs, among the best examples being that of Jl mmjmm* 
and and it is now pietty generally agreed that these 

sheaths are composed of dc\ti.ui,j and Lioscnberg and Zopf$ made a 
t unous observation with retd euro to Us iormation , they found that 
the addition of ealemm clilonde favoured the development of the 
sheath 


Vithuun Chlontle 

Zopf’s papei suggested that we should tost the effect of CftCL, and 
accordingly solutions of Liebigs extiact, peptone-saecharou, and CaClj 
weie tiied 

In the slightly alkaline liquid at 12 J a mere shimmeimg turbidity 
was observed in twenty-foui hours, and in four days a dense gelatinous 
clot formed below tho tiu hid In pud 

At 2.V the alkaline liquid showed siiudar turbidity on tho second 
day, and had formed very little gelatinous deposit in foui days. In a 
week, however, it resembled that at 32 1 C 

Tho same solution slightly acidulated with a drop of HC1 was 
slightly more tin hid m twenty-foiu hours, lmt very little of tho jelly 
formed even m a week 

At tho end of the week both set of tubes were distinctly acid, and 
evidently tho fonnation ot the jelly is favoured by the slight alkalinity 
of CaClj. 

This seemed to strengthen the supposition that our bae ten urn may 
bo the same as Van Tieghem\ ism am^toi ^ but a close companion docs 
not bear out this view 

It is neveitholess iutci citing to observe that Lvu ro Host or inveits 
saccharose, and only foims sheaths in piosenee of that sugar or of 
grape-sugar, that these sheaths ale explained as tho swollen cell walls, 
and many other features exist in common with our form 

* Marshall Waul, ‘ Phil. Trim**B, 1802, he. tit 
t Vnu 'licghein ,* Aim. (leu Sui. Nut,,' fitli Serio*, Bot,, to! 4, 1878. 

{ Schnbler, ‘ Vmunjseituch. t Rubon/ut-ker Ind.,' (1871), p. 24 
5 ‘ Btitr, r Pb^K u. Moiph. niedirer Organ ninen/ Heft 1, 1892, p 1 
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The difteveneefe may ho important in a arums degrees. Laiirom^tor 
-ippears smaller and shoiter, and withstands high temperatures; it 
succeeds well m grape-sugar, its chaialters on gelatine media appeal 
to he different, it tan he cultivated m milk, and it forms lactic acid 
in sugar solutions. 

How fai the differences can l>e insisted upon lannot he determined 
until both oiganihius have been tested side by side. 

There is one further observation to he made m support of our con¬ 
tention that the v iscosity depends on the deliquescence of the swollen 
cell-walls On agar media, which exude water, the growths arc slimy 
rather than gelatinous, and the longei the gelatine cultures are kept, 
provided they are nut allowed to evaporate, the more diffluent the 
gelatinous lumps become In liquid cultuies, moreover, the gelatinous 
clot docs not spread evenly thiuiigh the liquid, hut icmains around 
the motionless organism. 


Mnff/ Cultm<*. 

Sevcial attempts weie made to obtain the typical dumps of the 
compound orgarnsni by infecting tubes of veast extract and saccharoti 
and other media with both the baetenum and tho yeast separately 
( ultivatud pure. The success was only partial, however, though it wa*. 
not difficult to obtain a viscous dot at the bottom of the tidies m 
which both bactena and yeast were embedded, the typical stiff jelly 
< lumps floating in the liquid weie not formed, and here again wo 
must conclude that Rome definite proportion of each is necessary. 


On th( i Cfa'inKal Chanqv \ itnult uf to ih*> Fn limitation*, 

Tho jelly like masses of which the oiganism consisted set up a very 
vigorous fermentation m beer wvut and in solutions of various sugar-. 
Careful cultures showed, as already stated, that the jelly was composed 
e^cntully of a baetenum associated with a yeast, and a long senes of 
onr experiments has been directed towards ascertaining what pait 
each played in the fermentation, and how far they assisted or impeded 
each other. 

In the greater number of these experiments live flasks wore used, 
each of about 250 e.c capacity. 150 c e of the culture fluid were 
placed in each, and four of them were sown with pure cultures • (a) of 
the yeast alone , (j3) of tho bacterium alone , ( 7 ) of the yeast and the 
bacterium separately, (£) of the two in their ordinary condition of 
iisaocmtion, forming a lump of the jelly. The fourth flask contained 
only the culture-fluid with no organism ot cither kind. 

Tho culture-fluids were usually a 10 per cent, solution of some par¬ 
ticular sugar to which 10 per cent, of its volume of yeast-water had 
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l>oen added to furnish the necessary combined mttogen for the growth 
of the orgunmnu The yeast-water was prepared by boiling yeast in 
water for sovoral minutes, and then filtering and stmlismg In one 
experiment an ordinary beer wort was used without addition of more 
nitrogenous mattei. 

The liquids wore carefully and repeatedly steiilised m the flanks 
before tho organisms were added 

Tho fermentations weio conducted at a temperature of about 20 J C. 
The marked feature of the fermentation set up by the conjoint organ 
ism was the production of a considerable aciditv, the liquid after a 
few days having the appearanco and llavoni of lemonade The acidity 
proved to be due to acetic and succinic at ids 


As considerable difFei oners of bchaviom 

were 

soon manifested, 

subjoin tho results of typical fermentations 


Acetic 

Succinic 

Alcohol 

acxl 

ueid 

Per eont 

Per cent 

Per eont 

I. Beer wort, 150 r c - 




The yeast produced 

3 5 

0’0124 

0 0GH 

Tho Iwctcnum piodut od 

0 

0 1734 

0 3 

II Cane sugar, 150 cc of 10 pci cent 




solution containing 15 c e yeast 




water *— 




Yeast plod need 

5 0 

0 01 

0 057 

Bacterium produced 

Yeast + bacterium (m the form 

0 

0 7 

0 57 

of tho conjoint organism) pro¬ 
duced 

5 0 

0*0 IS 

0 07S 

III. llaik brown sugar (niixtmo of cano 




sugar and Ievulose), pioportions as 
in II - 




Yeast produced 

175 

0 026 

0 137 

Bacterium produced 

Yeast + Iwicterium separately 

0 

0 596 

0*41G 

sown produced 

40 

0 124 

0*1 

Conjoint organism produced 

3 7 

0 30G 

0*1 G8 

IV. Grape sugar, propoi tions as m 11 — 




Yeast produced 

2 2 

0013 

l> 049 

Bacterium produced . 

0 

0 012 

0 0IS 

Yeast H- liactenum produced 

2’0 

0 02 

0 097 

Conjoint organism produced 

2 0 

0 15 

0 016 


The formation of the alcohol was thus shown to bo due exclusively 
to the yeast, and in its production the influence of tho bacterium was 
VOL. LXV. 
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not manifested. The yeast was found to he capable of fermenting 
both glucose and fructose (levulose), but to l>e more active in the pre¬ 
sence than the absence of the latter Only half the amount of alcohol 
was formed when the fructose was excluded The latter sugar was 
more favourable also to the acid fermentation by the yeast. If we 
compare Experiments II and III, we find that while the same quantity 
of alcohol was formed m both cases, the proportion of both acetic and 
succinic acids was about doubled m the presence of fructose 

The bactoiium, however, wa^ lesponsihlo for the greater amount of 
the acid formation While it caused the production of both acotic and 
succinic acids m greater propmtum than the yeast, it yielded far more 
relatively of the former. In the experiment with beer wort it produced 
fifteen times as much acetic acid as the yeast, it only gave nsetofour 
to five times as much succinic. With cane-sugar solution it formed 
seventy times as much acetic and ten times as much succinic acid as 
the yeast The same le^ult was obtained with cane-sugar and 
fructose 

With grape-sugar the hactenum, like the yeast, could do but little. 
It produced about the same amount of acetic acid, hut scarcely more 
than one-thud as much Ructimc. 

The experiments on the feimentations confirm the view expieased in 
live early portion of the paper, that cane-sugar is the most favourable 
medium for the bacterium, but befme it is of use to it, it undeigoes 
inv crsion 

The association of the two organisms together introduced a some¬ 
what cumins feature of the fei mentation The yeast continued to 
produce alcohol in the same proportion as when alone, but the acid 
fermentations were modified considerably Comparative experiments 
were made with cane-sugar, dark brown sugar containing fructose, and 
grape-sugar In the first two cases the amount of both acetic and 
succinic acids pioduicd by the conjoint organism was distinctly less 
than that which was fumed by the bacterium alone. In the giape- 
sugar fermentation the contiary w r as the cose 

The association of the tw o organisms into the jelly-like clumps was 
not without its effect upon the progress of the fermentation, and this 
effect again appeared in connection with the process of the acidification. 

With the dark brown sugar the conjoint organism produced twice as 
much acetic acid as the two separate constituents working together, but 
only one and a half times as much succinic. With grape-sugar there 
was a diminution of the succmic acid, which fell to one-half the 
quantity produced by the yeast and the bacterium, while not in such 
close association. The acetic acid, on the other hand, increased. In the 
first two cases again, the presence of the yeast was voiy considerably 
inhibitory of the activity of the bacterium, the latter producing far 
more acid of both kinds w T hen it was alono in the fermenting liquid. 
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One or two features of the fei mentations cull for comment. The 
progress of the fermentation in an and liquid was ho gie.it as to sug¬ 
gest that an en/yme was excreted by the organism, hut caieful 
search proved that this was not the ease Both the conjoint oigan- 
ism and its two constituents am normally aerobic, lmt in all in^os the 
fnmentations will proieed, though with slightly lc&s vigour, m an 
atmosphore of CO, The decomposition effected by the baetenmn is 
accompanied by only a vety slow evolution of this gas, not greatei 
indeed than would be due to its lcspirulion In one experiment which 
was earned on foi two months, theie was an output of 0 005 gram of 
CO, per day, the gas being alworbed by caustic potash as it an a* given 
off, and the feimentation being consequent!\ aerobic* 

The intimate association of the two organisms in the lumps of jelly 
suggested a symbiotic relationship Kxpernnents made to ascertain 
bow the two affei ted each othei failed however to bear out tins view 
The influence of the baeteimmwe have seen to lie l.ugcK shown m 
the formation of relatively conside table quantities rtf both acetn and 
succinic acids Cultivations of the \enst were consequently made in 
the presence of difierent pi upm turns of acid, with the expectation of 
finding that an and mc<lium would be advantageous to it 

Three flasks were piepaied, each containing 90 c e of 10 per cent 
solution of cane-sugar to which 10 n of yeast-water were added. 
These were then carefully stenbsed To flask A, acetic acid was added 
till 0 1 per cent was present, B contained 0 25 pel cent., and 0 0 a per 
cont. of the same acid Koch was then infected with 1 e e of a pure 
culture of the yeast, and they were allowed to ferment at the labora¬ 
tory temporature (about 10 U C) A control was prepated in a fourth 
Husk, no acid being added. The fci mentation which resulted in A 
was about equal to that in the control , that in B was less vigorous, 
and that in C was veiy feeble After two days, while the fermentation 
was still active, they were all filtered cm to tared filters, and the 
quantity of yeast weighed. The control was then found to contain 
0*09 gram of yeast, while the other flasks contained respectively—-A, 
0 106, B, 0'079, and C, 0 027 gram. So far as the growth of the yeast 
was concerned, 0 1 pel cent of acetic acid was favourable , but 0 25 
per cont. was slightly inhibitory, while 0 5 per cent, was markedly so 
The alcohol was then distilled oil and estimated A contained 2 per 
cent., B 1 33 per cent, and C 1 pci cent., while the control contained 
1*66 per cent, of the spirit. Those figures agree with the conclusion 
based upon the weight of the yeast. The same results were obtained 
when lactic acid was substituted for acetic. 

As m the original experiments made with cane-sugar, the bacterium 
produced more acetic acid than the highest proportion used in these 
fermentations, it is clear that tho bacterium does not conduce in this 
way to any increase of growth or activity of the yeast. 

o 2 
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Tfc seemed poasiblo that tho bacterium might assist tho latter by 
fixing nitrogen from the air, as bacteria have been found to do in other 
cases of symbiosis Caieful experiments showed, however, that neither 
the conjoint organism nor the bacterium alone could grmv in a culture 
fluid which did not contain combined nitrogen. A quantitative esti¬ 
mation of mtiogen was made of two fermentations of cane-sugar, one 
by yeast alone, the nthoz by the conjoint organism, a control of tho 
cultuic fluid .done being examined simultaneously The mtiogen was 
determined by KjeldahTs process Tho initial amount of nitiogeri 
present was 0 013 giam Neither flask showed any vanation fiom 
this quantity at the end of the fermentation 

The presence of the bacterium was seen consequently to be of no 
hor\nc to tho yeast, but on the othci hand to bo disadvantageous to 
its growth 

The yeast was, on the othci hand, found to lie of some value to the 
bacterium Dining the fermentations the foimet was found to exuete 
a ccitain amount of vaiious extractives into the liquid, which had a 
distinctly nutritive value to the latter The hictermm grew very 
much better at the expense of these extractives than it did when sup¬ 
plied with combined mtiogen in the form of ammonium laitrate, or 
of aspuragm Comparative expennients made with tho extractives 
prepared horn a fermentation showed that neither aspaiagin nor an 
ammonium salt could numstei to its development so readily as they 
did. This v iow was also supported by tho fact that yeast-water had 
already been found to lie tho best form of supplying combined nitrogen 
<ii ti filially to till Lutes of the isolated bacterium 

Tho alcohol was of no nutritive value to the latter When it was 
cultivated in the presence of varying quantities of the spint, it made 
no use of it, and tho original quantity of alcohol was found to be pre¬ 
sent in tho liquid at the conclusion ot the experiment 

The Hilatiuuslup between the two is not therefore one ot symbiosis 
The Imcterium appears to bo a saprophyte, thriving at the expense of 
the nitrogenous excreta of tho yeust It is not at all paiasitic on its 
neighbour, tho yeast never being injured by its presence until sufficient 
acid hits been produced to cause a secondary inhibition 

In the formation of the acetic acid this bacterium is peculiar It 
cannot bo referred to tho ordinary gioup of acetifying organisms, # as 
it has not tho power of affecting alcohol as they do Its action on the 
sugar eooms to be a direct one, causing a formation of acid at the 
expense of the latter, without setting up any preliminary fermenta¬ 
tion. Bartfinnm inch (Brown) has also this power in tho presonco of 
oxygen, but it can oxidise alcohol in addition. 

Tiie immediate antecedent of tho acid appears to l>o fructose. 

* See Beijerinck, 1 Cent f Balt / toI. 4, 1808, for a summary of tho known 
acetic orgHinsms 
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Though the bacterium flourishes m solutions of cane-sugai, it does not 
convert the latter immediately mto the acids of the fermentation, but 
hydrolysis takes place first. In one experiment 150 ec of a 10 per 
cent, solution of cane-sugar, containing 15 c c. of yc.ist Mater, \\t*iu 
infected m a sterile flask with a pine culture of the baeteiiuni, arid 
fermentation was allowed to proceed for twelve days at the tempera¬ 
ture of the laboratory At the end of that time the acetic acid was 
distilled off, and the residues ponied into alcohol to precipitate another 
constituent, which will be referred to below The iemamdcr ot the 
sugar was left m solution in the alcohol After til tuition the alcoholic 
liquid was evaporated to a syrupy consistency, and the lesiduc taken 
up with water It was then divided into two equal portions, and one 
of them was acidified with sulphunc aud till the concentration ot tho 
latter was 2 per tent It was then boiled on a water-bath for tw T o 
hourb and carefully neutralised An aliquot part of each wa* then 
titrated with Foldings solution, and the ciipnc oxide formed was 
weighed The weights of the two weie almost identical, differing by 
only 0 002 giam The inversion of the cane-sugar by the organism 
had consequently been practically complete*. 

A few lut term only have been found to secrete invertasc Fermi 
and ftlontcscbiio found that litudhw mnjtithf i unii, 11 fhunrvn)s hqur- 
ftttun s, the led Kiel bacillus, and Pioteu> rnhf<ui\ were capable ot 
producing it in bouillon to which cane-sugar had boon added Van 
Ticghem showed that it was secreted by Lnttunosfu* mw ntmuult s To 
these the bactenum under observation must now be added The 
following experiment show's that the inversion noticed in the last case 
was due to an excreted enzyme 

A good culture was made in cane-sugar solution, and, after a few 
days, was filtered under pressure through a Chamberlandt s porcelain 
tube. Three flasks were taken, and 15 ec of cane sugar solution of 
2 per cent. concenUatmu placed m each They were then cnicfully 
stenliscd. To A and 11, 2 c< of the filtrate from the culture were 
added, tho filtrate having been found free from organisms by careful 
microscopic examination, B was then boiled and allowed to cool 
slowly. They weie all kept fora few days at the tenjperatuie ot 
22 ° C in an incubator On titration with Foldings solution, C, the 
control, gave no reduction, B a slight one, and A threw down a con¬ 
siderable precipitate of cuprous oxide 'The small reduction in B was 
due no doubt to a trace of invent sugar present in the culture fluid 
added to the flask The much greater i eduction in A was due to 
mvortase which the bacteria had excreted. 

The experiments quoted in the early part of this paper show, liow- 
over, that the inversion must take place gradually and the fructose 
be supplied almost as it is wanted. In presence of fructose only*, growth 
is almost impossible. 
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Attention has lw?en tailed m the first part of this paper to the 
amount of wscous material which tlio bacterium produces in solutions 
of cane sugar There is a great similarity between its action in this 
respect and that of Van Ticghom’s Ijuuoiiodtu 1 

An examination was made of the viscous mateiial, a special culture 
being made in a large* flask for the purpose The slimy material was 
found to la* slowly soluble in watci, yielding .in opalescent solution. 
When poured into an excess of alcohol, it gave a bulky floeculont pre- 
upitato This was allow ed to settle and the alcohol was dot anted, and the 
wet precipitate thrown on to a filter When all the spirit had drained 
away, it was taken from the ftltei and stuiod with water in a beaker 
A con*] del able quantity dissolved, but a good deal of lesiduo was left 
in suspension The watery solution was hlteied off and examined 

It ga\e a leddish-purple colour on the addition of iodine, but had no 
action on Fe hi mg’s fluid Heated with 2 percent of sulphuric acid 
on .1 uatei-barh for two hours and then neutralised, it ga\o evidence 
of the piesence of sugar It reduced Foldings fluid on boiling, and 
yielded an osazoue when treated with phenylludra/aue acetate It 
deflected a rav of polarised light, and had a specific rotatory power of 
[*]d- M:io 

The residue, which was insoluble in w.itei, was i oloured Mulct oil 
the addition of iodine Tt had no action on Foldings solution, but 
was comeitcd into a redming sugar by boiling it with 2 per rent ot 
sulphuric and Tt was readily soluble in a 10 per cent solution of 
caustic soda, and loss fr eely m a 1 per cent solution Neutralisation 
or dilution did not cause it to be roprei i pita ted The solution had no 
action on polarised light 

There were thus found to be piesont in the visions liquids two dis¬ 
tinct caibohydrutes, which possessed mu< h in common with Seheiblcris 
drjt/tin, but which weio not quite identical with the iuttei. They both 
appeared to lie member« of the hemi-eellulosos 

The exact relation of these bodies to the bactenum has not been 
determined. While there are some grounds for thinking that they tiro 
not so much products of fermentation in the strict sense as of its ordi¬ 
nary* biological processes, being perhaps only the substance of the 
different sheaths to which allusion has been made in the iirst part of 
this paper, it is not certain that they may not bo regarded as products 
produced altogether outside the organism, in consequence of an altera¬ 
tion of the fructose produced by the hydrolysis It is altogether 
unlikely that they resulted from the glucose moiety of the inversion, 
as this sugar is not a favourable medium for tho growth of the organ¬ 
ism, and such cultivations as are possible m solutions of glucose do not 
show the presence of any viscous material 
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"Experiments m Mtcm-metallmgy —Effects of Strain. l*re- 
hminarv Notice.” By James A Ewixu, KBS, and Walter 
Rosexhain, 1S5I Exhibition ffeseairli Scholar, Melboumo 
VniveiMt v. Received and Bead Mai eh l(i, 1800 
[Pl\tks i—:»] 

Much information has been obtained regarding the structure of 
metals by the methods of microscopic examination initiated hy ttorby and 
successfully pursued by Andrews, Ai nold, Chaipy, Martens, Osmond, 
Roberts-Ansten, Stead, and others When a highly polished surface of 
metal is lightly etched and examined undei the muroseope, it reveals 
n structure winch shows that the metal is made up m geneial of irre¬ 
gularly shaped grains with well defined hounding sin faces. The 
exposed face of each gram has been found to consist of a multitude of 
crystal facots with a definite orientation Seen under oblique illumi¬ 
nation, these facets exhibit themselves by reflecting the light in a 
uniform manner over each single grain, but in very various manners 
o\ or different grains, and, by changing the angle of incidence of the 
light, one or another guun is made to flash out comparatively brightly 
over its whole exposed surface, while others become dark 

It is also m ell known that the gi.mis are deformed when the metal 
is subjected to such processes as cold hammeiing, or cold rolling, or 
wiro-drawing On polishing and etching a piece strained m any such 
way, the grams aie found to be on the whole longer m the direction in 
which the metal is extended than in other directions. But on heating 
the metal sufficiently a re formation ot struttme omiis, and the grains 
arc found to have again assumed foims in which there is no direction 
of predominating length. In iron this recrystallisation occurs at a red 
heat It is aho known that prolonged exposure of lion to a tempera¬ 
ture of about 700° C tends to produce a huger granular structine than 
is found if the metal is somewhat quickly cooled from a higher tem¬ 
perature. 

The grams appear to be produced by riystallisation proceeding, moie 
or less simultaneously, fiom as many centres or nuclei as there are 
grams, and the irregular more or less polygonal boundaries which are 
seen on a polished and etched suiface result from the meeting of these 
crystal growths The grains are, m fact, erj^stals, except that each of 
their bounding surfaces is casually detei mined by the meeting of one 
growth with another. This is, w f c believe, the view usually accepted 
by metallurgists ;* but there is considerable difference of opinion as to 
the part played by foreign matter in possibly contributing to form a 
cement at the intergranular junctions 

* See especially two papers by Mr J E Stend (‘ Jour. Iron and Steel Inst 
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Tho experiments, of which this is a preliminary account, have been 
directed to examine tho behaviour of the crystalline grains whon the 
metal is subjected to strain 

For this puipose wo have watchod a polished surface under tho micro¬ 
scope while the metal was gradually extended until it broke. By 
arranging a small stunning machine on the stage of tho microscope, we 
have been able to keep under continuous observation a particular 
group of crystalline grains whilo tho piece was being stretched, and 
have obtained senes of photographs showing tho same gioup at various 
stages m the piocess Stnps of annealed sheet iron, sheet copper, and 
other metals have been examined in this way Wc ha\e also obseiverl 
tho effects of strain on the polished smfaces of bars in a £50-ton testing 
machine by means of a microscope hung from the Inn itself, and have 
fuithor observed the effects of compiession and of torsion 

When a piece of iron or other metal exhibiting the usual gianular 
structure is stretched beyond its elastic hunt a lcniarkablo change 
occurs in tho appearance of the polished and etched surface, as seen 
by the usual method of u vertical” illumination A number of sharp 
black linos appear on the faces of tho crystalline grains at first they 
appear on a few grains only, and as the straining is continued they 
appear on more and more grains On each glam they are moie or 
less straight and parallel, but their dnections are different on diffoicnt 
grams. At first, just as the yield-point of the material is passed, tho 
few lines wliuh uin Ikj seen are fur the most part transverse to the 
direction of the pull As the streUh becomes greater oblique systems 
of lines on otlioi grains come into view 

Tho photograph, fig 1 (Plate 1), taken from a strip of transformer 
plato (lolled from Swedish non and annealed after lolling), gives a 
characteristic view of those linos as they appear aftoi a moderate 
amount of permanent stretching, but long before the iron lias reached 
its breaking limit. 

The appeal anco of each gram is so like that of a crevassed glacier, 
that these dark lines might readily lie taken for cracks. Against this, 
however, was tho consideration that an over-strained piece of iron 
recovers its original elasticity after a period of rest, though, as wo 
found, the dark lines did not disappear when recovery took place, and 
further that sharp lines of the same nature were not seen on the surface 
of metal which was polished and etched after straining. 

The real character of the lines ib apparent when the crystalline 
constitution of each grain is considered. They are not cracks, but 
slip* along planes of cleavage or gliding planes. 

Fig. 2 is intended to represont a section through tho upper part of 
two contiguous surface grains, having cleavage or gliding planes as 
indicated by tho cross-hatching, AB being a portion of the polishod 
surface. Whon the metal is pulled boyond its elastic limit, in the 
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direction of the arrows, yielding takes place by finite amounts of slips 
occurring at a limited number of places in the manner shown at 
a, b t c , dy v (fig. 3). This slip exposes short poitions of inclined 
surfaces, and when Mewed under normally incident light, those sui faces 
appear blackbocan.se they return no light to the microscope They are 
consequently seen as dark lines or mu row bauds, extending over the 
polished surface in directions which depend on the inteisection of the 
polished surface with the surfaces of slip 

We have proved the collect ness ot this view by examining these 
baiula undci oblique light When the light is inudent at only a small 
angle to the polished bin face, the surface appears foi the most part 
dark, but here and there a system of the paiallel bands shines out 
brilliantly, in consequence of the shoi L cleavage or gliding sui faces which 
constitute the bands having the piopei inclination ioi inflecting the 
light into the rmcioscope Fig 4 is the photograph of a rti allied piece 
of Swedish non illuminated m this way. The magnification is 280 
diameters. The groups of parallel bilglu bands which appeal in the 
photograph may 7 l eadily be observed nuclei the nnuoscopo to be 
exactly coincident with the blaik bands seen uudei vertical illumina¬ 
tion, and by 7 changing the angle of imidenee of the oblique light, the 
same bands may be made to appear daik on a faintly 7 luminous giound. 
Rotation of the stage to which the sttamed specimen is fixed makes 
the Kinds on one or anothei of the grains flash out siu eesmvely, with 
kaleidoscopic effect. In what follows we shall speak of these lines as 
slip Kinds. Fig. 1, through a mixed illumination, shows some of the 
slip bands blight and some daik. 

Incidentally fig 4 illustiatcs the fact that oblique lighting picks out 
the boundaries ot the crystalline giants, showing that these boundaries 
mo marked by inclined am faces connecting grains whoso faces aie at 
diffeient levels. This is observed also in the etched surface of the 
metal before straining. The lumudaiics, which appear dark under 
vertical light, aie bright oil one bide of each uystalhne grain, when 
the light falls with glazing incidence from one side But the sloping 
surfaces which maik the boundaries between the grains have by no 
means the sharply definite inclination which characterises the sui faces 
which form tho slip bands. One oi more groups of slip bands will 
shine out very brightly when the light has a particulai angle of inci¬ 
dence, and will vanish when tho incidence is slightly changed. The 
boundaries are not in general so blight, but they lemain fairly bright 
while the incidence is changed through wide limits. 

When tho metal is much strained a second system of bands appears 
on somo of the grams, crossing tho first system at an angle, and m 
some cases showing little steps where the lines cross These bands are 
clearly duo to slips occurring in a second set of cloavage or gliding 
surfaces. An example of the crossed systems of bands will bo soon in 
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fig. 8. The crystals m metals are generally cubical, hut tho angle at 
which the intersecting systems of bands cross deponds on the inclina¬ 
tion of the polishod surface to the pianos of cleavage. Occasionally a 
third system of bands may be seen 

As straining proceeds tho originally smooth surface of the specimen 
becomes roughened by the smfacu grains changing in their relative 
levels and also becoming more or Icvss inclined, <is well as more or loss 
stepped All this happens m consequence of the slips which they and 
their neighbours undergo To this is due the dull appearance which 
an onginally bright surface assumes when the metal is morstramed 
Under the muioNcope the strained snifaco is seen to bo full of ups and 
downs, and a continuous alteration m focus is required Lo trace the 
system of bands, even o\or the face of a single gram 

When the experiment is made with a polished but unetched specimen 
the slip bands appear equally w’cll The bourn lanes of the grams aie 
irmsihle before straining , but they cun be distinguished as the at nun 
proceeds, for the dip bands fonn a oloss-hatching which senes to murk 
out tho surface of eaih gram. To stiuin a polished but unetched 
specimen reieals in a striking way the granul.ti character ot the 
St I llCtlll 0 * 

Figs. 5, G, and 7 aie selected from a senes of photographs Allowing 
under a magnification of 110 diameters, the same group of crystalline 
grains m a specimen of soft wrought iron at ration* stages of straining 
by pull The anows show' the direction m which the pull was applied 

Fig 5 shown the group Iwfoio straining began Fig 6 is the same 
gioup aftei the sttam had been earned some w r ny past the yield point 
Fig 7 is the same group after the piece had sufteied considerable 
further extension in tho same direction Comparison of the thiee will 
show how the grams change their shape m consequence of the slips 
which occur in them, and also how the faces of the grains become tilted 
and altered in rolatue level. 

Fig K is another sample ot iron stiamed by pull The specimen in 
this case was a bai of Swedish iron, in which a comparatively largo 
crystalline structure had lioen developed by annealing for some hours at 
70G J C Tho photograph was taken after the bar had been broken in 
the testing machine, and show's with a magnification of 400 diameters 
a t>ortion of tho surface not far from tho place of fracture The largo 
gram which appears to the left m fig. 8 measured 0 16 mm. in the 
direction of tho arrows before straining, and wu* extended by the 
strain m that direction to about 0 2 mm The slip bands upon it ato 
on the n\orago 1/400 mm. apait. This applies to both of the two 
systems of Iwinds which appear in tho photograph. The apparent 

* Thu fact that- the crystalline strurtuie ih revealed when a specimen with a 
polished nnctclied surface is strained has already been pointed out by Charpy 
(‘ Comptes Rendu*/ vol 123, 1806, p 225). 
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width of tho slip builds themselves is too small to )>e measured 
with any accuracy, it does not appear at any place lion* to eveeod 
1/2000 mm 

The slip-bands aio developed by compression as well as by extension. 
Fig 9 is a photograph (at *U)0 diamotuis) liom the polished and 
otched side of a block of Low Moor lion compiessed m the testing 
machine sufficiently to gne it a considerable amount ot permanent set. 
Tho kinds developed by compicvsion ha\o apparently all the (haiactei- 
lstics which they pie,sent in sti etched pieces, and we could not, by 
microscopic examination of the suitaee, distinguish, in this respect 
between the eflects ot compression and extension The niegulai daik 
patches m bg 9 arc stieaks ot slag 

By twisting an iron bar well beyond the elastic limit the slip-hands 
are made to appear, for the most part in duoclions parallel and per¬ 
pendicular to the axis of twist. 

A strip of sheet metal, such as non or copper, in the soft slate, when 
bent and unbent in the lingeis shown them well developed by the 
extension and compression ot the mu face 

We ha\e dexeloped the slip-hands in iron, steel, coppei, when, lead, 
bismuth, tin, gun-metal, and brass In sihei they show particulaily 
well, the eiystalline struetuie being large and the lines straight In 
copper also the linos are straighten and more legulaily spaced than is 
general in non Most of these metals have been tested in the form 
ot blocks under compression A beautiful development- of slip hands 
may loadily he pi od need by pinching a button of polished si her or 
cupper in a x ice 

In chi bon steels we have found the slip-bands considerably more 
difficult to olnserxe than m xviought non Tlus smaller gianular stiuc- 
tuie of steel apparently makes the slip-bands correspondingly minute. 
In mild steel they arc seen readily enough, but in a lather high carbon 
Rteel wo succeeded in seeing them only with difficulty in the “ ferule ” 
areas undor a magnification ot 1,000 diameters. A cast piece ot tho 
nearly pme iron used fm d)namo magnets showed a relatively veiy 
large granular structure and well marked slip-hinds 

These expciiments throw what appears to ns to ho new light on tho 
character of plastic strain in metals and other irregular crystalline 
aggregates. Plasticity is duo to slip on the putt of the crystals along 
cleavage or gliding surfaces. Each crystalline gram is deformed by 
numerous internal slips occurring at intervals throughout its mass In 
general theso slips no doubt occur in throe planes, or possibly more, 
and the combination of the three allows tho grain to accommodate 
itself to its envelope of neighbouring grains as the strain procoeds. 
The action is discontinuous it is not a homogeneous shear but a series 
of finite slips, tho portion of the crystal betw een one slip and tho next 
behaving like a ngid solid. The process of slipping is one wduch takes 
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time, ami in this respect the aggregate effect is not oasily distinguish¬ 
able from tho deformation of a viscous liquid 

We infer from the experiments that “ flow ” or non-elastic deforma¬ 
tion m metals occurs thiough slip within each crystalline grain of 
portions of the uystal on one another along surfaces of cleavage 
or gliding smfaces Theie is no need to suppose the poitions which 
slip to be othei than perfectly elastic. The slip, when it occurs, in¬ 
volves the exjiendituro of work m an irreversible manner. 

It is because the metal is an aggregate of irregular crystals that it is 
plastic .ts a whole, and is able to be deformed m any manner as a result 
of tho slips oulining in individual crystals Plasticity lequnes that 
each portion should he able to change its shapo and its position Each 
crystalline gram changes its shape through slips omul mg within itself, 
and its positron through slips occurring in other grains * 

Prom what is known about the break down in elasticity which ou tils 
as the immediate effect of overstrain and the subsequent recovery of 
elasticity after a period of rest, it would seem that tho surfaces over 
which slip has occurred are at first weak, hut heal with the lapse of 
time To discuss these points, however, lies beyond the scope of a 
preliminary notice 

Tho experiments were made in the engineering laboratory at Cam- 
hndgo, and arc being continued Wo wish to take tins opportunity of 
thanking Sir W Kobeits-Austen and Ah. T Andrews for tho great 
kindness w T ith which, at the outset ot oui work, they gave us the 
benefit of their expenence rn piepanng ami obseivuig micioscopie 
specimens of metals 

[Xote atltiuf Jpiil 14, 1899—In a specimen of cast nickel, whuh 
showed after etc lung a ciystollme structure much resemhling thatof iron, 
hut on a considerably smaller scale, straining developed minute slip- 
hands, which are clearly apparent under a pow'er of 1,000 diameters. 

We have also examined a specimen of pure gold by compressing a 
cast button with a polished face, not etched The straining ie\eals 
crystalline stnutrue on a large scale, and in each of the crystalline 
grams there is a superb development of slip hands. They are long, 
nearly stiaight, exceedingly numerous, and very closely spaced. A 
power of 1,000 diameters is requited to see them w r ell. Twointoi- 
borting systems are common, and three are well seen m some of the 
grams, forming a regular geometrical network. The in tot granular 
boundaries are sharply defined by the meeting of the slip-hands on 
each grain with those on its nerghhours. The slip-bands in adjacent 
crystals meet in a way which demonstrates tho absence of any appre¬ 
ciable quantity of foreign matter in the intergranular junctions,] 

* Attention should bo railed in tins connection to tho experiments of Messrs. 
MtConncl and Kidd on the plasticity of glacier ice (‘ Koy Soc. lhoo / vol 44, 
p 331). They found that bars cut from glacier ice, which in an aggregate of 
irregular crystuls, arc plastic 
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* The Physiological Action of Choline and Neurme ” By F W. 
Mott, Ml), FILS, mid W. D JUmnruTuN, M.l), FKS. 

. Received March Id,— Read April 20, 1K99. 

(Abstract) 

The corebro-spinal fluid removed from cases of brain atrophy, particu¬ 
larly from cases of (4oner.il Paralysis «f the Tnsane, produces when 
injected into the circulation of amosthctised animals (dogs, cats, 
rabbits), a fall of arterial blood pressure, with little or no effect on 
respiration. This pathological fluid is richer in pioteid matter than 
the normal fluid, and among the proteids, nudco-proteid is present. 
The fall of blood pressure, is, however, due not to protcid, nor to inor¬ 
ganic constituents, but to an organic substance, which is solublo in 
alcohol Thia substance is precipi table by pliospho-tungstie acid, and 
by chemical methods was identified as choline. The ciyatals of the 
platinum double salt, which, when crystallised from 15 percent, alcohol, 
are characteristic octahedra, form the most convenient teat for the 
separation and identification of this base. 

The nucleo-proteid and choline doubtloss oiiginatc from the disinte¬ 
gration of the brain tissue, and their presence indicates that possibly 
some of the symptoms of (Tenera] Paralysis may be due to auto-intoxi- 
cation; these substances pass into the blood, for the cerebrospinal fluid 
functions as the lymph of the central nervous system AVo have iden¬ 
tified choline in the blood removed by venesection from these patients 
during the convulsive seizures which form a prominent symptom in the 
disease. 

Normal cerebro-spmal fluid does not contain nucleo-proteid or choline, 
or if these substances are present, their amount is so small that they 
cannot ho identified Normal eerebro-spiiud fluid produces no eflect ou 
arterial pressure ; neither does the alcoholic extract of 1101 mal blood or 
of ordinary dropsical effusions. 

The presence of choline in tho pathological fluids will not explain 
the symptoms of General Paralysis; for instance, it will not account 
for the fits just referred to. Its presence, howover, is indication 
that an acute disintegration of tho cerebral tissues has occurred. If 
other poisonous substances are also present, they have still to bo dis¬ 
covered. 

Our proof that the toxic material wo have specially worked with is 
choline, rests not only on chomical tests, but also on the ovidenco 
afforded by physiological experiments , the action of the ccrobro-spinal 
substance exactly resembles that of choline, Neurine, an alkaloid 
closely related to choline, is not presont in the fluid; its toxic action is 
much more powerful, and its effects differ considerably from those of 
choline. 
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Physiological A< lion of Choline . 

The doses employed wore from 1 to 10 o.c. of a 0‘2 per cent, solution, 
either of choline or of its hydrochloride. These were injected intra¬ 
venously. 

The full of blood pressure is m some measure duo to its action on 
the heart, but is mainly produced by dilatation of the peripheral vessels, 
especially in the intestinal area This was dmonstiuted by the use of 
an intestinal oncometer. The limbs and kidneys aie somewhat lessened 
m volume, this appears to Iks a passue effect, secondary to the fall in 
general blood pressure The drug causes a marked contraction of the 
spleen, followed by an exaggeration of the normal curves, due to the 
alternate systole and diastole of that organ 

The action on the splanchnic vessels is due to the direct action of the 
base on the neuio-musculai mechanism of the blood vessels themselves; 
for after the influence of the central nervous system has l>een removed 
by section of the spinal cord, or of the splanchnic nerves, choline still 
causes the typical fall of blood pressure The action of pcupheral 
ganglia was in other experiments excluded by poisoning the animal 
previously with nicotine 

Section of the vagi produces no effect on the results of injecting 
choline 

Wo have obtained no evidence of any direct action of the base on 
the cerebral vessels. 

Choline has little or no action on nerve trunks, as tested by their 
electrical i espouse to stimulation This aspect of the subject has been 
taken up by Dr Waller and Miss Sow ton, who will publish their 
results fully in a separate paper. 

Choline has no effect on respiration. 

The elfect of choline soon passes off, and the blood pressure returns 
to its pre\ious level This is duo partly to the great dilution of the 
substance injected by the whole volume of the blood, and may be 
partly duo to the excretion of the alkaloid, or to its being broken up 
into simpler substances by metabolic processes Wo could not find it 
in the urine. 

If the animal has been previously ana'sthotised with a mixturo of 
morphine and atropine, the effect produced by choline is a rise of 
arterial pressure, accompanied by a rise of the lover of the intestinal 
oncometer Other anresthetics cause no change m the usual results. 
We consider this observation of some importance, for it shows how the 
action of one poison may bo modified by the presence of another. 
This has some bearing on General Paralysis, for the arterial tension in 
that disease is usually high, not low, as it w ould be if choline were the 
only toxic agent at work. 
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Phjsiolmjtml A (turn of Nettnnr 

The doses employed vai ied from 1 to 5 c e. of a 0 1 per cent solu¬ 
tion. These were injected intravenously. 

Nourine produces a fall of arterial pressure, followed by a marked 
rise, and a subsequent fall to the normal level. Sometimes, especially 
with small doses, the preliminary fall may be absent. Sometimes, 
especially with large doses, by which presumably the heart is more 
profoundly affected, the rise is absent. 

The effect of neurine on the heart of both frog and mammal is much 
more marked than is the case with choline , in the case of both choline 
and neunne, the action on the frogs heart is antagonised by atropine. 

The slowing and weakening of the: heart appear to account for the 
preliminary fall of blood pressure, in some cas.es this is apparently 
combined with a direct dilating influence on the peripheral vessels. 

The rise of blood pressure which occurs after the fall, is duo to the 
constriction of the peripheral vessels, evidence of which we have 
obtained by the use of oncometers for intestine, spleen, and kidney. 

After the influence of the central nervous system hah been removed 
by section of the spinal cord, or of the splanchnic nerves, neunne still 
produces its typical effects. 

After, however, the action of peripheral ganglia has been cut off by 
the use of nicotine, neunne produces only a fall of blood pressure. 
It therefore appears that the constriction of the vessels is due to the 
action of the drug on the ganglia, in tins, it would agree with nicotine, 
coniine, and piperidine. 

Section of the vagi produces no influence on the results of injecting 
neunne. 

In animals anaesthetised with morphine and atropme, injection of 
neurine causes only a rise of blood pressure, which is accompanied with 
constriction of peripheral vessels. 

Neurine produces no direct results, so far as we could ascoi tain, on 
the cerebral blood vessels 

Neurine is intensely toxic to nerve-trunks (Dr. Waller and Miss 
Sow ton). 

It produces a marked effect on the respiration This is first greatly 
increased, but with each successive dose the effect is less, and ultimately 
the respiration becomes w r eaker, and ceases altogether. The animal 
can still be kept alivo by artificial respiration. 

The exacerbation of respiratory movements will not account for the 
rise of arterial pressure ; the two events are usually not synchronous, 
and an intense rise of arterial pressure (due, as previously stated, to 
contraction of peripheral blood vessels) may occur when there is little 
or no increase of respiratory activity or during artificial respiration. 

As confirmatory of Cervcllo’s statement that neurine acts like 
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curaro on the nerve endings of voluntary muscle, and to which ho 
attributes the cessation of respiration, we may mention that after an 
animal has been poisoned with neurino, asphyxiation causes little or 
none of tho usual convulsions 

The full paper contains references to previous work on the subjoefc, 
and complete details of the methods used, and the cases investigated ; 
it is illustrated by reproductions of numorons tracings. 

[Ab/#* ttihM Jpnl 20, 1899—It should bo mentioned that in the 
cases of brain atrophy referred to, the cerebro-spinal fluid was removod 
soon after death. Since the foregoing abstract was written, wo havo, 
however, had the oppoi tunity of examining two specimens removod 
durmg life by lumbar puncture, and tho results of our experiments 
with these coiroboiato tho conclusions previously arrived at.] 


<f On Intestinal Absorption, especially on the Absoiption of 
Serum, Toptone, and Glucose” By E Way mouth Rkid, 
F.KS., Professor of Physiology m University College, Dundee 
St Andrew's University, N.B Pveoeived March .SO,—Read 
April 20, 1899. 

(Abstract) 

Tho experiments detailed in the full piper doal with tho absorption 
from tho intestine of the animal's own serum, and of solutions of 
glucose and peptone. The method employed has been that introduced 
by Loubuscher, m which two loops of intestine are simultaneously 
employed, the one the experimental, and the other tho control, loop. 

The conclusions arrived at arc as follows •— 

1. A physiological activity of the intestinal epithelium in tho act of 
absorption is demonstrated by— 

(h) Tho ulraoiption by an animal of its own serum (or oven plasma) 
under conditions in which filtration into blood capillaries or 
lactoals, osmosis, and adsorption are excluded. 

(/*) By tho cessation or diminution of tho absorption of serum when 
the epithelium is removed, injured, or poisoned, in spito of the 
fact that removal, at any rate, must increase the facilities for 
osmosis and filtration 

2. The activity of the cells is characterised by a slower uptake of 
the organic solids of the serum than of the water, and a rather quicker 
uptake of tho salts than of the water. The relations to ono another 
of the absorptions of those various constituents is variable in different 
regions of the intestinal canal (upper ileum, lower ileum, and colon). 
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3. No evidence cun Iks obtained of specific absorptive fibros in the 
mesenteric nerves. 

4. The state of nutrition of the cells is the mam factoi m their 
activity, and this is intimately associated with the blood supply. 

5. In reduction of the rate of absorption, without detachment of 
epithelium, the absorption of the vanous constituents of seium is 
reduced in the propoition m which they exist m the ongm.il fluid. 

6 The activity of the cells may lie raised by stimulation with weak 
alcohol, without evidence of concomitant increase of blood supply 

7. Tho bile has no stimulant action on the cells 

8. The colls exhibit an orienting action upon salts m solution (sodic 
chloride especially) In a loop of gut with injured cells sodic chloride 
entors the lumen from tho blood, at a time when it is being actively 
absorbed from a normal control loop m the same animal ^This fact 
was first noted by O Cohnhemi) 

9. The absorption of water from solutions introduced into the gut 
is dependent upon two factors — 

(rt) The physical relation of the osmotic pressure of tho solution in 
the gut to tho osmotic pressure of the blood plasma. 

(i b ) The physiological regulation of the difference of osmotic pres¬ 
sure by the orienting mechanism of the colls 

10. Tho chief factoi in the absorption of peptone is an assimilation 
(or adsorption) by the cells, while in tho absorption of glucose, diffu¬ 
sion, variable by the permeability of the cells (and so, proliably, related 
to their physiological condition) is the main factor 

11. By removal of the epithelium, the noi mal ratio of peptone to 
glucose absorption is upset, and the value tends to approach that of 
diffusion of these substancos through parchment piper into scrum. 

12. Absorption in tho lower ileum is greater for the organic solids 
of serum, and less for peptono and glucose than in the upper ileum. 
The relative absorption of water m the upper and lower ileum is 
variable. 

13. Tho relative impermeability of tho lower ileum to glucose dis¬ 
appears with removal of tho epithelium. 

14. Absorption in tho colon is for all constituents of serum, and for 
peptone and glucose far loss per unit of measured surface than in tho 
middle region of the ileum. 

15. The normal relative excess of salt absorption from serum over 
water absorption, observed throughout the intestine, is most marked in 
the colon, and more marked in the lower than in the upper ileum. 

16. Finally it is suggested that the cell activity which causes serum 
to pass over to tho blood is of the same nature as that involved in tho 
orienting action of tho cells upon salts in solution. 
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4k Studies in the Morphology of Spore-producing Members. IV. 
The Leptoftporanginte Ferns.” By F. 0. Bowkr, Sc.D,, F.R.S , 
Regius Professor of Botany in the University of Glasgow. 
Received Apnl 6,—Read April 20, 1899. 

(Abstract.) 

The characters used in curient classifications of Ferns need streng¬ 
thening. In recent years the more detailed knowledge of the prothallus 
has l>een used for this purpose, hut while not denying its value in 
certain specific cases, the author holds that the vegotative development 
of the prothallus is an uncertain guide to a general classification. On 
the other hand the archegonium is so uniform in its character that it 
gives little help, the comparison of the anthendium is, however, a 
useful aid, though not sufficiently varied to serve in detail * Accord¬ 
ingly the sporophyte nuiHt he the mam basis Its vegetative organs 
have lately boon largely used for systematic pui poses by Christ ;t but 
the same objection holds heio as m Phanerogams to the use of these 
as characters of first rank for comparison. An attempt has therefore 
been made in this memoir to strengthen the characteis derived from 
the soius by a fresh examination of its details, and certain of its 
features will now be used for purposes of genoral comparison, which 
have hitherto received too little attention, they are:— 

1. The relative time of appearance of sporangia of the same sorus. 

2 Certain details of structure of the sporangium, including its stalk. 

3. The orientation of the sporangia relatively to the whole sorus. 

4 The potential productiveness of the sporangium as estimated by 
its spore-mother cells, and the actual spore-output 

Observations of these features extending over all the more important 
living genera, coupled with data of habit and the characters of the 
Uamotophytc as collateral evidence, have led the author to divide the 
homosporous Ferns thus :— 

Marattiacoee Eusporangiate 

OsmundaeeHJ 
Schizieaccse 
Gleicheniaceae 
Matoninece 
Loxsomacece 

Hymenophyllacere Leptosporangiate 
Cyathoaceee 
Dicksoniese 
Dennstsedtiinae 
The bulk of the 
Polypodiacece 

* Heim, ‘Flora,* 1806, p 866, Ac. 
t * Die Varmkrauter tier Brde,’ Jena, 1807 


Simplices - 

Gradates - 

Mixtaj... - 
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These divisions arc primarily based on the order of appearance of the 
sporangia in the sorus, the Siniplices having till the sporangia of the 
sorus formed simultaneously, the Gradataj having them disposed in 
basipetal succession, and the Mixta* having the sporangia of different 
ages intermixed. Hut it is found that other important characters urn 
parallel with these, thus the Simplices and Giadatas have an oblique 
annulus (whore definitely present), the Mixtie (with very few excep 
tions) have a vertical annulus. None of the Mixtge have boon found to 
have a higher spore-output per sporangium than sixty-four, but this 
number is exceeded by some of the (Siadata*, and large numbers are the 
rule in the Simplices The Simplices and Gradates have relatively short 
thick stalks, the Mixta' usually have long and thin stalks. The 
orientation of the spoi angia m the Simplices and Giadatte is usually 
definite, in the Mixtas it is indefinite. Tho receptacle is often elon¬ 
gated in the U-radatfo, but not in the Simplices or Mixta? Tho sum of 
these characters, which for tho most jurt run parallel to one another, 
appears to give a substantial basis to the classification. 

Evidence as to the transition from type to type has been collected. 
In the case of the transition from a simultaneous to a successive sorus 
it does not amount to a demonstration hub it is specially pointed out 
how slight a step it is from such a sorus as that of Gleifhrnvt thclwhma 
to that of an Ahophht that given a basal liulusmm and marginal 
position, the similarity of sporangia! structure and dehiscence between 
(Jleichettia and Jam wum is suggestive ; as also tho sporangial structure 
and high spore-output in lhfmvnophijlUnn Though we may recognise 
these lines of similarity, they do not focus upon an y one genus as the 
actual transitional link from the simultaneous to the basipetal. But 
the transition from the basipotal to tho mixed sorus can l>e followed in 
detail; intermediate steps are seen in tho Donnstaedtnnas, while tho 
fully mixed typo is seen in the closely allied I)amUi<r. Prolxihly this 
is only one of several such lines of transition from the basipetal to tho 
mixed type. 

It is shown that a biological advantage would 1>o gained by the 
suggested transitions. In the Simplices tho few sporangia are large, 
and, arising simultaneously, make a demand all at once on the nutri¬ 
tive resources of the part. In the Gradate the smaller sporangia are 
produced in succession upon an elongating receptacle, and the drain on 
the part is spread over a longer period* But with the assumption of 
the mixed character the drain may be spread over an equally long time, 
while, as the elongated receptacle disappears, the surface from which 
nourishment can be derived is enlarged, and the distance through 
which it has to be transferred is shortened. Thus it appears biologi¬ 
cally reasonable that the succession should be as suggested. 

It is shpwn how the various types of dehiscence, and the action of 
the annulus stand in close relation to the orientation of tho sporangia, 

H 2 
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aud to their arrangement in the sorus. Thus the position of the 
Annulus, which hA8 played so important a part in classification, has 
been placed upon a footing of adaptation 

Estimates of numerical output of spores per sporangium have b6en 
made with a view to illustrating the relation of the Eusporangmte and 
Leptosporangiato ferns m this respect Tho estimated output m the 
Marattiacea* Lis Ihmjii shown to ho high ,* that of the Polypodnicoaa 
is sixty-four or less. Tho result of numerous countings is to show 
that, of all Leptospoiaugiato forns, Glruhnna approaches most nearly 
to the Marattiacea? (GL flaMhtta may produce o\cr 800 per sporan¬ 
gium) ; (hmundu may have over 500, and Ltfqnduim 256 The most 
interesting results woie derived from tho Hymonophylhieea 1 , m which 
//#/»». fintbnthft'hw may have over 400, while species of Tuthtmuinw 
may produce as few as thirty-two per sporangium These results, 
when taken with those derived from the filmy Tot fat*, make it seom 
probable that the filmy habit is a condition leading to reduction of 
output per sporangium, and indicate that tho Hymcnophyllacoa* are 
a derivative senes of reduction. 

A most important commentary upon the classification pioposed is 
donved from comparison of the autheridia, which Iloimt foiuul to l>e 
the most dependable part of the Gametophyte for comparative pur¬ 
poses He recognises two types according to their dehiseenco : the one 
type includes, with tho exception of two genera of Schiza^aceie, our 
Simphces anti Gradate, while the other includes tho Mixta*. I can 
only regard this correspondence of parts, so aloof from one another as 
tho antheridium and tho sporangium, as establishing the relations of 
tho Simphces and Gradatse upon a turner footing , the facts also give 
substantial support to the distinction of the Gradatge and Mixta?, 

The effect of tho olnervations and comparisons in this memoir is 
rather confirmatory of the current classifications than disturbing. The 
divisions suggested would supersede those of Kusporangiat® and Lop- 
tosporangiatee, though those terms would still bo retained in a 
descriptive sense. If the sub-orders Osmundacea*, Schixaoacote, and 
Marattiace® be transferred from tho end of tho Synopsis Fihcum to 
tho beginning, and grouped with Gfeirhenw and Afatoma, we have tho 
“ Simplices ” liefore us. The Gradatae include the Cyatheace®, Dick- 
sonieoa (Exrl. Deumtaedtia ), Hymenophyllacoae, and Loxsomaoe®, 
sequences probably of distinct descent, and, in my view, derivative 
from some pnor forms such as the Simphces; and in the arrangement 
of Sir Wm Hooker they hold a position following on tho Gleicheniar 
com. Tho family of Dennstaedtiiune, founded by Prantl to include 
Dennstaedtia and Alio ofrput, also has its place here, but it leads on by 
intermediate steps to undoubtedly mixed forms such as Davallia , 

# * Studies/ No. 8, p. 00. • 

t ' Fbm/ 1896, p. 860, 4o. 
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Cystoptens, LviuUaifo, and the Pterideap. But this sequence is already 
laid out in this order in the Synopsis, and it illustrates one at least of 
the lines along which mixed forms are believed to have been derived 
from the Gradatse No attempt has been mado to follow the natural 
groupmg of tho Mixtau into detail, or to test the arrangement of them 
in the Synopsis. Sufficient has, however, l>een said to show that the 
systematic divisions of the ferns now proposed fall m readily with the 
system of Sir William Hookci, notwithstanding that they are based 
upon details ot which he cannot have been aware. 


“ Note on tho Fertility of different Breeds of Sheep, with Bemarks 
on the Prevalence of Abortion and Banenness therein” By 
Walter IIkapk, M A , Trinity College, Cambridge. Communi¬ 
cated by W. F. K. Weldon, JjUIS Beceiveil March 9,— 
Bead April 20, 1899. 

Tho importance of fertility as a factor in tho survival of a species is 
admirably demonsti ated by llnfkme,* whilst Professor Karl Pearsonf 
shows that fertility when coi related with other characteristics works a 
progressive change, and that not only is fertility a race characteristic, 
but may be a class characteristic in the human species. 

Among domesticated animals, although fertility may be a racial 
characteristic, its impoitancc may be much reduced from a variety of 
circumstances. 

Among sheep there is undoubted evidence of tho racial character of 
fertility, but the quality of the wool or the value of fat sheep of a par 
ticular breed may lender that breed worth keeping m spite of a low 
rate of fertility as compared with other breeds. Then the rate of fer¬ 
tility may l>e artificially increased, as when certain rams of undoubted 
value as progenitors, but useless as breeders if left to themselves, 
liecome valuable sires by the help of the shepherd. In tho same way a 
certain breed of sheep, kept in one district and managed in a particular 
manner, may be more liable to abortion, or to l)arronness, or to mor¬ 
tality among tho lambs, than tho same breed in another district 
managed in another way, and yet the former may, on account of tho 
supply of food which it is possible to grow there per acre, prove the 
most remunerative. 

From these and many other similar reasons the survival of a particular 
breed or its retention in, or importation to, a particular district is not 
necessarily due to natural fitness or adaptability. At the same time a 

* 11 Beckerohet sur T adaptation au milieu ohei let Infusoiret et lea Baotenea * 
contribution A l’&ude de rimmumtd,” * Annalei de l’luttitut Pasteur,' vol 4, 1890. 

t 14 Contr.button# to tho Mathematical Theory of Evolution, Note on Bepro* 
ductire Selection,” 1 Boy. Soo, Pro©./ vol. 69,1896. 
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wider knowledge of the racial character of fertility among sheep might 
exercise considerable influence on the survival of certain breeds in the 
future. Jiwt as the numlier of Long-horn cattle is rapidly liecoming 
reduced in this country on account of the length of time they require 
to come to maturity and fatten, so the low fertility of Southdowns if 
it cannot be increased may lead to the retention of that brood in the 
hands of only a few special breeders. 

The following account is a brief abstract of information obtained 
from 397 sheep breeders who have supplied me with records of flocks 
containing 122,673 ewes for the breeding season of 1896-97. Table IV 
records cci tain particulars of eight pure breeds separately, and of ten 
pure breeds jointly (“Various Pure Breeds” ; details of only a small 
number of flocks were supplied for each of those ten breeds). These 
are totalled, particulars of fifty-nine flocks of various ciqss-bred sheep 
subjoined, anil the totals for all breeds finally arrived at. 

Besides the figures contained m Table IV, other statistics were sup¬ 
plied regarding the age of rams and ewes, the size of breeding flocks, 
the proportions of rams and ewes therein, the usual and the highest 
percentages of bairenness experienced, To this were addod remarks 
on the food given to rams and owes at specified times, on their condi¬ 
tion during the breeding season, on vanous methods of management of 
brooding flocks, and on numerous views regarding matters which are 
supposed to influence fertility, abortion, and barrenness amongst ewes; 
finally particulars of districts subsoils, and woather were noted, and the 
subject considered statistically fiom all these various points of view for 
each breed. 

The variation in the numbers of flocks and of ewes concerned in the 
various calculations for each breed (see Table IV) is duo to the inability 
of all flock-masters to supply the whole of the information asked for in 
the schedule, which, by the kindness of the Koyal Agricultural Society, 
was distributed to them, and is not due to my selection of flocks 


Ff'thhtff 

It is to be noted the number of lambs returned does not always repre¬ 
sent the number born; that information, although asked for, was not 
always forthcoming and sometimes the number of lambs alive when 
the schedule was filled up was given instead. The percentage of twins 
given is, however, a check on this element of error, and in the follow¬ 
ing account the columns under “ lambs ” and “ twins,” Table IV, are 
considered together. The error is most apparent m the Hampshire 
Down, Oxford Down, Dorset Horn and Lincoln breeds; in the other 
four breeds, in which the records have been most carefully kept, the 
Suffolk, Shropshire, Kent and Southdown breeds, their fertility is 
demonstrated to be a racial character. 
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The Suffolk brood is by far the most fertile, while the Southdowns 
arc at the bottom of the list: the valuo of the former as a prolific 
breed is incontrovertible, while the record of the latter, as shown both 
by tjie percentage of twins and lambs, is so low to suggest cause for 
some anxiety and to show urgent need for close attention on the part 
of breeders. 

The Hampshire bleed also stands low both with regaid to twins and 
lambs, especially when its low percentage of loss from aboition and 
barrenness is considered, whereas the Lincoln breed, although recording 
only 111 1 per cent of lambs, shows 29 09 per cent, of ewes bearing 
twins, and the fault, with this breed, is obviously not so much low 
fertility as heavy mortality among lambs and a high percentage of 
loss from abortion and barrenness 

The most fertile of all pure breeds of which T have locoids, is the 
Wensleydide breed, in which six flocks with a total of 319 ewes pro¬ 
duce 177*43 per cent of lambs (included in “Various Pure Breeds”). 
It is to be noted that both Wonslevdalo and Suffolk ewes when covered 
by rams of other breeds, do not appear to produce a larger percentage 
of lamlra than they produce when covered by rams of their own breed; 
if anything, they seem to produce a somewhat smaller percentage of 
lambs. On the other hand, Doisot Horn ewes are more usually fertile 
and are more prolific with Down ranis than with Dorset Horn rums. 

It is a very usual practice with Dorset Horn flock-masters to keep a 
Down ram to cover those ewoa which fail to become pregnant to a Dorset 
Horn ram, and, when pure-bred ewes are discarded from their breeding 
flocks, they generally sell them u in young” to Down rams, when they 
frequently produce as many as 170 per cent, of lambs. 

It appears, therefore, that whereas the fertility of Suffolk and Wens- 
leydalo owes is at its maximum when they breed to nuns of their own 
kind, Dorset Horn ewes require to be covered by rams of another 
breed, in order that they may bo stimulated to the greatest generative 
activity. 

Apart from the percentage of ow'es which abort or are barren from 
accident or constitutional defects, tho fertility of owes is chiefly affected 
by their condition and by the condition of the ram at tupping time. I 
have overwelming evidence that flocks m strong condition at tupping 
time produce a higher percentage of lambs than flocks in poor condi¬ 
tion at that period (Suffolk, Kent, Hampshire, Dorset Horn, and 
Lincoln breeds); on the other hand, fat rams and ewes are associated 
with a high percentage of barrenness, and not with a high percentage 
of lambs. 

In close connection with this subject ta the production of twins. 
Fifty-five per cent, of the flock-masters who send information on this 
head, report that twins are usually born early in the lambing season, 
and many of them add that otherwise the crop of lambs is small. That 
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is to say f that most twins aro produced by the ewes which first come in 
season, and I interpret that to mean that it is the ewes with the most 
active and most vigorous generative By stem, those which are in strong 
breeding condition at that time, which bear the most twins. It is of 
interest to note that among Southdown and Hampshire flocks, a com¬ 
paratively small pioportion of twins are born caily m the lambing 
season, and these broods produce the smallest percentage of twins. 

The effect of locality upon the fertility of a breed is worthy of con¬ 
sideration, and statistics .11 e given in Tablo V to illustrate this point.'*' 
In considoung those figures, numerous other important influences 
must be borne in mind, which the information at my disposal makes it 
impossible to dissociate from locality , and in all cases, except those of 
the Shropshire and Lincoln breeds, where a wide difference in fertility 
is shown in different districts, it is possible that the variation 111 
fertility may bo duo to one or other or all of these various influences, 
apart altogether from locality. 

The fertility of a flock is greatly influenced by its management and 
by the conditions under which it lives, the condition, kind, and 
amount of food available beforo tupping time will affect the condition 
of the ewes and the peiecntago of twins subsequently born , the season 
may be more favourable for tupping or for lambing m one district 
than m another, cold, rain, or want of rain, will affect the feed, the 
giound, and the ewes themselves, while, owing to mortality among 
ewes during lambing or at othor times in tho preceding year, the 
flocks in one district may consist of a larger proportion of shearling 
ewes than the flocks in another district, and this may aflect the birth 
rate of a flock. 

Those and numerous other such influences, combined with the undue 
proportionate value of excessive loss or fertility in one flock, where 
only a few aro kept in a district, is sufficient to account for a much 
greater vaiiution than is shown for most breeds in Table V. At the 
same time the difference in fertility of Shropshire flocks kept in 
Staffordshire, as compared with other flocks of the samo breed kept 
elsewhere, and of Lincoln flocks kept in Yorkshire, us compared with 
those kept in tho homo county, is very remarkable. They certainly 
suggest that Yorkshire is a more satisfactory habitat for the Lincoln 
breed than is the home county, and although it is quite possible the 
method of fanning and other influences, in Lincolnshire, are responsible 
for some of the difference, they can hardly bo responsible for all of it. 
I do not believe that the high percentage of loss in the Lincolnshire 
wold flocks is duo ultogethor to mismanagement, but if 50 per cent, of 
the difference between the losses of the wold flocks and the Yorkshire 
flocks was added to the percentage of twins of the former, there would 
still be a difference of 17 per cent, of twins in favour of the Yorkshire 
* See “ Percentage of Twins." 
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flocks. So also with the Shropshire breed m Staffordshire and the 
homo county, if 50 per cent of the difference botween the losses was 
added to the percentage of twins m the home county, they would still 
have 12 per cent, less than the Staffoidshiro flocks, and it is not 
probable that a different method of farming in these two neighbouring 
districts can account for such difference m fertility. 

The returns of the Suffolk flocks in Essex are misleading, inasmuch 
as some of the flocks with the highest percentage of lambs do not show 
the percentage of twins , at the same time I am disposed to think that 
Essex is not so favour able a county as Suffolk for this breed of sheop 
The difference in the return of lambs for Southdowns in East 
Anglia and in the South, is probably due to the more careful records 
which the smaller size of tho flocks and the method of farming in 
East Anglia allows, arid I suspect the difference in the percentage of 
twins may be similaily accounted for 

In neither of the cases where different breeds ate represented in tho 
same locality, docs the percentage of twins of the foreign flocks 
approach that of the homo breed Southdowns do not approach the 
fertility of Suffblks m East Anglia, nor do Hampshiros bocomo as 
fertile as Dorset Homs m tho West country. 

The Suffblks, Hampshiros, and Dorset Horns are most fertile in their 
home districts; in tho case of the Shropshire hioed, Staffordshire may 
be considered a pait of the home district, and only in the case of the 
Lincolns is it demonstrated that any breed thrives better in a foreign 
district than at home. This was to be expected, for it can haully bo 
doubted that natural selection, as well as artificial selection, has been 
at work on the different breeds of sheop in this country. 

In the case of the Lincoln breed it is of interest to note, in this con¬ 
nection, that the method of fanning in some parts of Lincolnshire has 
greatly altered in modern times; for instance, the facility which the 
soil on tho wolds affords to grow especially fine crops of roots, enables 
the flock-masters in that district to keep moie sheep per aero than is 
possible on the low-lying farms ; this leads to crowding and to other 
even more artificial conditions which, as tho statistics indicate, are not 
favourable to tho fertility of the breed , on tho other hand several of 
the more successful flocks m Yoikshire are run on grass chiefly and 
under more natural conditions for sheep. 

The variation in fertility in different distucts does not, however, 
affect tho racial character of the fertility of the different breeds (com¬ 
pare Tables IY and V—“ Per cent, of Twins ”), except in the case of 
the Lincolns, where the returns of the Yorkshire flocks suggest that 
this breed should be placed in the first rank with the Suffolks and 
Bhropshires, instead of in the second rank with Dorset Horns, Oxford 
Downs, and Kents. The position of the Southdowns at the bottom of 
the list remains unaltered* 
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While the percentage of lambs and of twins in cross-bred flocks is 
greater than the same percentage for the total pure-bred flocks, the 
ewes of ceitain puie breeds are undoubtedly moro fertile than the 
average cross-1 >rod ewe 

The flock percentage of lambs in 306 pure-bred flocks, ranges from 
203*8 to 59 09 per cent, the percentage for 89,370 ewes being 120*4 
per cent. The most frequent percentage m these 306 flocks is lietwecn 
110 and 120 per cent., the following Tublo (I) shows this, and as the 
column foi “ under 110 per cent.” indudes all failures, the exeess in 
the 110 per cent column is all the more marked. 

There are more flocks of between 100 and 200 ewes than of any 
other number, and it is in these flocks the highest percentage of lambs 
occur, bioadly speaking, the frequency of a high percentage of lambs, 
and the height of that percentage, vary in pioportion to the number 
of flocks and to their size. 


- tboihon and Barren 

There is an element of error in theso statistics, due to tho fact that 
some ewes abort at an early stage of gestation, when the fnetus is small 
and the circumstance liable to be overlooked by the shepheid ; some of 
these ewes conic “ in use ” again and are again served by the ram, but 
some do not again come “ m uso,” or, owing to the fact that they have 
already been diafted into a flock without a ram, they are not again 
covered , in either of these cases they are put down as barren. Thus, 
although I do not believe the error is a great one, tho percentage of 
abortion m ewes may bo higher and the percentage of barrenness lower 
than is represented in Table IV. 

The total loss from both these causes amotuits to 7 1 per cent, for 
all pure-bred ewes , of these tho Lincoln sheep suffer the most (12 per 
cent.) and the Hampshires the loast (4*01 per cent), a very startling 
difference and of specially grave significance to Lincolnshire flock- 
musters on the wolds (see Table V). 


Abmtion . 

In 300 pure-bred flocks the percentage of abortion varies from 
23 75 per cent to 0, while tho percentage for 85,878 owes is 2*39. 
The Dorset Horn (4*11 per cent.) and the Lincoln (4 per cent.) breeds 
sulfer most, while all other breeds except Southdown* have less than 
2 per cent. The causes which induce a high percentage of abortion 
are little understood, and severe losses are from time to time experi¬ 
enced from no known cause (Lincolns 20 to 30 per cent, and Dorset 
Horns). 

Statistics supplied indicate, that an undue proportion of shearling 
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ewes in a flock is associated with a high percentage of al>ortion 
(Lincolns), anil that owes of a particular breed run on certain subsoils 
or in certain districts are moro liable to aboition than the average foi 
that breed, as, for instance, Lincolns run on the wolds and Ilanipshires 
on oolite formation. 

In some paits of Lincolnshire aboition sometimes appioachos, if it 
does not actually assume, an epidemic form; at such times several 
neighbouring flocks may experience between *10 and 40 per cent ot 
aboitod ewes, I am unaware of a similar form of aboition in any other 
district. 

Unsuitable food, causing indigestion and intestinal nritation, and 
poor food, resulting m poor nutntion, aie probably lesponsible foi the 
gioatcst proportion of aboition m ewes It is not the kind of food, as 
is frequently supposed, but the condition of that food which is at fault, 
and, as a icsult, my schedules show that poor condition of ewes during 
gestation is undoubtedly associated with a lelatnely high peicontage 
of abortion. 

The highly aitihml conditions under which sheep are kept m many 
distiicts in this countiy, rendeis the question of the most suitable food 
foi breeding ewes a veiy impoitant question, and it is one regarding 
which but little attention has been paid. 

The most frequent percentage of alioitiou expouenccd m 3Q0 pme- 
brod flocks is shown m Table II to be under 1 per cent. The highest 
percentage is relatively more frequent in large than in small flocks, anil 
this table shows that much more uregularity is expenenced m aliortion 
than Table I shows is the case foi fertility. 


Bnnnuus, s. 

In 327 flocks of pure-bred owes the percentage of barrenness vanes 
fiom 51*42 per cent, to 0, while the percentage for 96,520 owes is 4*71, 
The Lincoln (8 per cent.) and the Shropshire (6 06 per cent.) breeds 
suffer the most, while, with the exception of Hampshire Downs, Dorset 
Horns, and SufFolks, no pure breeds record less than 5 per cent, loss 
from this cause 

The district or subsoil on which ewes are run is associated, in certain 
broods, with the proportion of barrenness experienced. thus, Lincoln 
sheep run on the wolds, Shropshire sheep on new red sandstone subsoil, 
and Hampshire sheep elsewhere than on chalk downs, are associated 
statistically with a relatively high percentage of barrenness; an exces¬ 
sive proportion of shearling ewes in a flock is also frequently found 
associated with a high percentage of barrenness; but the quality of 
the food given and the condition of the rams and ewes at tupping time 
is no doubt the chief factor which influences the barrenness percentage. 

Fat is well described as an enemy to fruitfulness, while the want of 
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■The Kent flocks are all run in Kent. The Oxford Down flocks, m my records, are so scattered, that a sufficient number of 
flocks for the purpose of comparison ls not to be found in any two districts. 
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sufficiently nutritious food also iesults in poor returns of lambs 
Among Suffolk and Shiopshiio ewes, which are highly fed as a rule, a 
high percentage of barrenness oeuus in cases where they are exces¬ 
sively highly fed; cm the other hand, among Doisct Hoi n, Lincoln, 
and Kent ewes, which aie ceitainlv not too highly fed as a rule at tup¬ 
ping time, the highest pel rentage of barrenness occuis among the 
poorest kept Hocks 

The most impicnt peicentage of Imulmwioss expencMued in 327 
flocks is 1 to 2 pci cent, but, as Table HT shows, the letuins .ue 
much more irregulat than was the case foi aboition, and theie is a 
much huger pmpoiLion ot flocks m the “10 pel unit and ovei ” 
column. The slightly excessive piopoition of Hoiks m the 5 pei cent, 
column suggests gcnei.discd results lathei than at t mate ictniiis, but 
the number of flock-masteis who .ire responsible for this is obviously 
A ery small 

In conclusion.— 

1 Whereas the total loss fioni aboition and barrenness is faitly con¬ 
stant for most puvo breeds of sheep, tlux Snflblks and Hampslmes aie 
markedly free from, and the Lnuolns markedly liable to, heavy loss 
from these causes 

2 Although the loss from the above causes does eveil an influence 
on the icturns of fertility of the \a) ions I needs, it does not account for 
the wide vamtion which exists m this respect 

3. The ewes of ceitaiu pure breeds are conspicuously moio feitile 
than the aveiage cioss-hred ewe , and 

4. Tlie feitihty of certain pine hi cods is sufficiently marked to con¬ 
stitute a racial characteristic 


u Some fin then Romaihw on Rod-wntoi or r LV\ns Fevei.” l’>y 
Alexander EniviiTox, M B, F It S M , Ihm*lni of the Bacteno- 
logical Institute, Capo Colony. Communicated by l)i D 
(Lrx, C B , Filfc* Received March 1:5,—Bead Apiit 20, 1899 

Since my communication* to the Royal Society of London, by 
Professor Thomas R Frazer, I have been able to obtain valuable addi- 

* The conclusions arrived at m tlmt communication (received dune 6, 1808) 
wero m follow s - - 

1. The blood of animals, themselves healthy, from a rod-waler area is dangerous 
if inoculated into an animal which suffers coincidentally from another disease 

2 That the blood of animals suffering from mild or modified red-water may he 
safely used to inoculate a hoalthy animal subcutaneously, but is dangerous when 
injected into a vein 

8 . That the subcutaneous inoculation of mild or modified red-water blood 
convoys a mild form of the disoasc, and since the blood of such an animal is viru- 
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tiorial evidence as to the communicability of the disease by the use of 
blood derived from animals which have been either recovered from the 
sickness for a very considerable time or which have been inoculated 
many months previously to the date on which their blood has been used. 

On the 8th Decemhei, 181)8, I withdrew sonic blood from animal 
No 18, which lias boen continuously under observation since it was 
inoculated on the 22nd December, 1897 After defibnnating the 
blood, 20 c e was used to inoculate a young ox (No 3-1) by intravenous 
injection On the following day a sharp rise of temperature occurred, 
winch reached to 10G G F On the following morning it was observed to 
have fallen to 99 8 F. Three days latei the temperature was again over 
104 J F , but fell prev ms to the next morning From this time onward 
an erratic course of temperature was observed, and on the twenty-fifth 
day, subsequent to inoculation, it was seen to be ill, refused food, but had 
no definite symptoms of “ led-water ” Thicc days latex it died. The 
blood on examination was seen to contain the spherical forms of the 
parasite. 

On post-mortem examination, the bladder and urine were quite 
normal The liver was not enlarged, but was somewhat discoloured 
in patches, and the biliary ducts weic distended with bile The bile 
vhh much altered, being stringy and of a greenish-yellow colour. The 
spleen was normal m size and consistence The kidneys were enlarged 
and the pelves weie filled up by a yellowish gelatinous exudation. 
The (oitex was somewhat congested, hut there was no evidence of any 
true mflammatuiy change The general muscles were pale in colour, 
and there was slight evidence of jaundice. This experiment servos to 
show that an animal which has been inoculated with infected blood, 
while it may not develop much illness as a result of it, is i callv infected 
and, moreover, its blood, if drawn as late as a year subsequently, is 
yet so infective that an intravenous injection of it, into susceptible 

lent w lit'ii mice It'd mlo ji vom in another animal, it is safely to bo inferred that 
the animal suffering from the mild form becomes more or less immunised or 
“ waiter! ” 

On tlu mi giounds I would suggest a method of piotootive modulation against red- 
water in the following maimer Haring procured a healthy animal from a red- 
water area, or one which is known to have been " malted," moiulato it by injecting 
Sec of red-water blood into the jugular vein and 5 c c. subcutaneously. In eases 
where the operator in unable to attempt the vein inoculation I would recommend 
the subt. utancon* moc ulation of 5 e e m four different sites 

Allow at least, twenty.eight, flays to elapse, and if any degree of llluess is recog¬ 
nised, the blood of this animal may he used, after being deflhnnated, to inoculate 
health} cattle. JTor such inoculation only 6 e c should be injected into small 
animals and not more than 10 o e. into larger 

Seeing, however, that- the presence of other maladies renders such a proceeding 
unsafe, I would recommend that it should only be practised during the autumn or 
winter, when thp veld diseases are, as a rule, in abeyance, and in no case when any 
epidemic disease'is in the near neighbourhood. 
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animals, will certainly infect, and may even kill, although after a some¬ 
what extended period of time. 

Very important corroWation of this is furnished by the experience 
of inoculation for red-water, which has lately boon adopted m the Cape 
Colony. Four animals which were immune to red-water (three bv reason 
of having had the disease and recovered, and one by being boin and 
reared on permanently infected veld) were sent irom Fort Beaufort to 
Queenstown to be used by the veterinary mu goon there for inoculation 
purposes. The animals to he used for inoculation had been “fortified/' 
re-inoculated with virulent blood, seven weeks previously. 

Twenty animals wore inoculated with defibrinated blood from one 
animal, the doses used^emg 10 to 20 o c , according to age All had 
a febrile reaction and some blight symptoms of the sickness, but etisily 
recovered. From one of the other of the four animals blood was taken 
and used to inoculate seven head, giving doses of 10 to 15 c.c. These 
also all had a reaction, but made good recoveiy. 

On Novemhei 1st the four animals weic re-inoculated with virulent 
rod-water blood, and m each case 5 c c. wus injected intiavonously and 
10 c.c subcutaneously. Twenty-nine days later hey were bled. With 
this blood two lots of cattle were inoculated. 

One lot consisted of 107 animals winch had not ever been exposed to 
red-water infection. The doses used were increased beyond those 
which I had recommended, namely, 10 to 25 c c. were used, according 
to ago. Of these animals no less than seventeen died of characteristic 
red-wator. The remainder made a good recovery. 

The second lot consisted of fifty-three head of cattle, all of whit h, 
with one exception (an imported animal) had boon born and reared on 
red-wator veld The imported animal was the only one which showed 
any signs of reaction, but it made a good recovery. 

This experience has sufficed to show that it is not always safe to 
exceed the doses which I have recommended, unless the animals which 
have been used for withdrawing blood have been untouched for at 
least a considerable number of months. 

I have been able, with the co-operation of several farmers, to carry 
out experiments by which inoculated cattle have been fully exposed to 
infection at later datoa. In May, 1898, I inoculated ten head of old 
cattle with blood from an animal which had been inoculated, six months 
previously, with virulent blood. These cattle wei e immediately removed 
from the Institute, and later sent to an infected area in company with 
ten head of young animals which were unmoculated, but, as is com¬ 
monly known in this colony, are not so liable to death from this dis¬ 
ease as are older animals. Of the young stock all have been infected 
by exposure in the veld, and three have died. Of the older, more 
susceptible, animals not one has shown the slightest signs of illness, 
and the cows have given birth to healthy calves. 
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Mr. J. H. Webber had twonty-eight head of Fish River cattle inocu¬ 
lated on the 7th November, 1898, and subsoquontly had them removed 
to his farm, which is woll known to be one of the worst infested 
areas m the eastern province. Previous experience has shown that if 
clean cattle are plac ed there they l>ecome very quickly affected with 
the disease On the 5th December one died from gall-sickness, but, 
with this exception, all have done very woll, and are at this dato 
in perfect health. 

This method of inoculation has proved so satisfactory to the 
farmers themselves that it is being very generally adopted, and the 
farmers huve petitioned the Government to arrange for an inoculating 
station being placed at Graham’s Town, so that clean cattle coming 
from clean Karroo areas for* transmission to the coast may bo inocu¬ 
lated previous to entering the infested bolt. 


Apnl 27, 1899. 

The LORD LISTER, F.R.C.S., D.C.L , President, in the Chair. 

A List of the Piesents received was laid on the table, and thanks 
ordered for them 

Tho following Papers were read:— 

I. “ Data for the Problem of Evolution in Man. I. A First Study of 
the Variability and Correlation of the Hand.” By Miss M. A. 
Whitkley, B Sc., and Karl Pearson, F R S 

II. “ On the Luminosity of tho Rare Earths when heated in Vacw by 
means of Cathode Rays.” By A. A. Campbell Swinton. 
Communicated by Lord Kelvin, F.R.S. 

III. “ On a Quartz-thread Gravity Balance.” By Richard Threlfall 

and J A Pollock. Communicated by Professor J. J. 
Thomson, F R.S, 

IV. “On the Electrical Conductivity of Flames containing Salt 

Vapours.” By Harold A. Wilson, B.Sc. Communicated by 
Professor J. J, Thomson, F.R.S. 

V. “ On a Self-recovering Coherer and the Study of the Cohering 
Action of different Metals.” By Professor Jaoadis Chunder 
Bose, M.A., D.Se. Communicated by Lord Rayleigh, F.R.S. 

VI. “ On the Presence of Oxygen in the Atmospheres of certain Fixed 
Stars.” By David Gill, C.B., F.R.S. 
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** On the Luminosity of the Raie Earths when heated in Vacuo by 
means of Cathode Kays.” By A A. Campbkll Sw inton 
Communicated by Loud Kelvin, FILS Received March 20, 
—Read April 27, 1899 

For incandescent gas mantles, it is found that certain definite mix¬ 
tures of the laro eaiths aie necessary, in order to obtain the maximum 
luminosity For instance, in the oidmary Bunsen gas flame, a mantle 
consisting of pure thorium oxide, or of puie cerium oxide, will only 
give about one-eleventh of the light that is given by a mantle com¬ 
posed of 99 per cent of thorium oxide, and 1 per cent, of tonum 
oxide, which is the mixture at present used by the Welshaih Com¬ 
pany. 

In order to explain this reniazkable fact, several different and some¬ 
what contradictory them les have been piopounded, one of which implies 
catalytic or other chemical action between the oxides and the consti¬ 
tuents of the Bunsen flame 

In order to investigate this question, it is obviously important to 
note the liehaviour of the rare earths at high temperatures without 
contact with any flame, and endeavours have already been made to 
effect this by heating the oxides in specially constructed furnaces. 
Under these conditions, only very minute differences could be detected 
in the amount of light given by different oxides and mixtures, but it 
appears doubtful whether the very high temperature of the Bunsen 
flame was really attained. 

It has occurred to tho writer, that very high incandescence could l>e 
produced by enclosing mantles in a vacuum tube, and subjecting them 
to bombardment by means of cathode rays, when the mantles would 
not be in contact with anything except the cathode rays themselves, 
and the comparatively small amount of residual gas that remains in 
the tube at the requisite high degree of exhaustion. 

Since the date of Sir William Crookes’s early researches, it has lieen 
known that a very high temperature could be produced in a body 
placed at the focus of the convergent rays from a concave cathode. In 
this manner Crookes melted platinum and glass, And brought caribou 
wool to bright incandescence. The writer has made many experi¬ 
ments on this subject, usuig instead of the interrupted continuous 
ourrents employed by previous investigators, alternating electric 
currents, which appear to have many advantages for this purpose. 
At the Royal Institution, m February, 1898, the writer showed that 
very brilliant incandescence could be obtained for a short time in a 
small block of lime, placed in a suitably exhausted tubo midway 
between two concave electrodes, connected to an alternating electric 
supply at about 6000 volts pressure, and in June, 1898, at the Royal 
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Society, ho exhibited in action a similar arrangement, but with the 
block of lime replaced by a flat plato of thorium oxide. In this case 
the concave electrodes were of such a curvature and were placed so far 
apart, that the two sides of the thorium plate in each case intersected 
the diverging cone of cathode rays. Under these conditions nearly a 
square inch of the thoria surface on each side of the plate became 
highly incandescent, and a very powerful light was obtained for some 
minutes at a time, but only at a critical ami highly unstable degree of 
vacuum. 

The wnter has now applied this method to the investigation of the 
comparative luminosity of different mixtures of the rare earths 



One form of the tubo employed was constructed as shown in the above 
figure, where C, C' are two spherically concave discs of aluminium 1 125 
inches diameter, and 6 inches radius of curvature. These electrodes 
are placed about 7 inches apart, and were connected to the secondary 
terminals of a 10-inch Ruhmkorff coil, the primary of which was 
supplied through a variable resistance, with alternating electric current 
at 100 volts pressure from the main. The tube was connected 
through a drying tube, containing phosphorus pentoxide, to a pair of 
Toepler pumps, and also to a McLeod gauge. 

The mantle M M to be experimented upon, was mounted on a 
platinum wire frame and placed between the two electrodes, so that 
as the electric current alternated, and each electrode became in turn 
cathode, the mantle *as subjected on alternate sides to cathode ray 
bombardment. The curvature of the electrodes was such as to give 
almost parallel beams of cathode rays, so that a considerable ring 



of the Rare Earths when heated in Vacuo by Cathode Rays . 117 

‘shaped, and slightly hollow, area on each side of the mantle was 
subjected to the rays, and could be brought to high incandescence. 

A preliminary experiment was made with a mantle of asbestos, 
powdeied over in patches with pure thorium oxide. With this it was 
found that at a suitable degree of exhaustion, the patches of thoria 
became brilliantly incandescent, with an intensity of cathode rays that 
made the asbestos barely red hot. 

Experiments were next made with mantles consisting entirely of 
thoria and ceria, both separately, and mixed m different proportions. 
These mantles were prepared m a similar manner to the Welsbach 
incandescent gas mantles, by saturating a carefully purified cotton 
fabric with ammonium nitrate of thorium and cenum, and then 
burning out the cotton Veiy thick and closely woven cotton lamp 
wick, freod from foreign matter by treatment with caustic soda, 
hydrochloiic acid, anti ammonia, was employed m place of the thm 
fabric usually used, so that the resulting mantle after burning out the 
cotton, was very close in textuie, and fully 0*2 inch thick. This was 
found necessary, as otherwise some of the cathode rays passed through 
the mantle and molted the opposite aluminium electrode 

In order to obtain accurate comparisons Iretwcen pure oxides and 
different mixtures, the mantles were made in patchwork, each complete 
mantle being made up of two or four sections, sepai ately impregnated 
with different solutions, and then sewn together with impregnated 
cotton before being burnt 

The mantles weie so mounted in the vacuum tube that the cathode 
rays impinged equally upon the portions that consisted of different 
mixtures, so that an equal amount of energy was imparted to each 
sample. 

With a compound mantle prepared in this way, composed one-half 
of pure thomvm oxide, and the other half of a mixture of 99 per cent, 
thorium oxide plus 1 per cent, of cerium oxide, it was found after 
exhaustion that on staiting the cathode discharge the thoria plus ceria 
heated up to incandescence moro rapidly, and, on stopping the dis¬ 
charge, cooled more nipidly than the pure thoria. Further, when at 
full incandescence and observed through a dark glass, the thoria plus 
eena was slightly more luminous than the pure thoria, though the 
difference was very small, probably not more than 5 per cent. Owing 
to the difficulty of maintaining a constant vacuum, accurate photo- 
metrical measurements were not possible, but the amount of light 
under favourable conditions was roughly estimated at, at least, 150- 
candle power per square inch of incandescent surface, this being 
obtained with an expenditure of electrical energy in the secondary 
circuit at about 8,000 volts pressure of approximately 1 watt per 
candle. The amount of exhaustion suited to give the best results 
varied with the dimensions of the tube and the conditions mentioned 
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below, but was approximately about 0*00005 atmosphere, the maxi¬ 
mum luminosity being obtained when the dark spaces of the two 
cathodes just crossed at the centre of the bulb. Owing to the large 
amount of gas occluded by the mantle, a proper degree of permanent 
exhaustion was very difficult to arrive at, and reqiured continuous 
pumping for many hours with the cathode rays turned on at intervals. 
Even then the conditions of maximum luminosity were exceedingly 
unstable, owing to the further liberation of occluded gas on the one 
hand, and on the other to the rapid increase in tho degree of exhaus¬ 
tion owing to absorption of the residual gas by tho electrodes That 
such absorption ptobably took place m the aluminium electrodes, and 
not in the mantle, was demonstrated by other experiments with a tube 
in wdnch there was no mantle, but only two electrodes of aluminium 
w T ire. 

After the cathode rays had been allowed to bomlwird the mantle for 
a short tune, the latter was found to have become discoloured wffiere 
bombarded. That portion which was composed of pure thona liecame 
dark blue, Avhile the thona plus con a becamo brown. This effect, 
which appears to Ixj analogous to those observed by Goldstein wdth 
lithium chloride and sodium chlonde,* seems to bo due to a partial 
reduction of the oxides by the cathode rays. The admission of a very 
minute quantity of air to tho tube while the cathode rays are acting on 
the niantlo, and tho latter is m parts incandescent, causes tho dis¬ 
coloration to disappear instantaneously on the incandescent, hut not 
upon the cool portions, prolably by ro-oxidation of the partially 
reduced oxides, while the discoloration also slowly vanishes in a day 
or two with the mantle cold if air at ordinary atmospheric pressure is 
admitted to the tube, .By continuing to bombard the mantle with 
cathode rays, and alternately allowing the vacuum to increase and 
letting in small quantities of air, the discoloration can be made to 
appear and to disappear over and over again as often as desired. At 
the moment of admitting the air, the amount of light was foujid 
momentarily to increase, this being probably due to tho increased 
temperature due to the ro-oxidation of the partially reduced oxides. 

After repeating this process of letting in small quantities of air, and 
allowing them to be absorbed, several times, it was found that the 
degree of exhaustion which gave the maximum incandescence had 
altered from 0*000047 to 0 000112 atmosphere, as measured by the 
McLeod gauge. {Similar effects were obtained with a tube containing 
no mantle, but only aluminium wire electrodes, the inference being 
that some change takes place in the residual gas which renders it less 
conducting. 

At a higher degree of exhaustion than that which produced incan¬ 
descence of the mantle, the pure thoria was found to fluoresce blue, 

• 1 Wied. Ann./ 1895, No. 64, p. 871. 
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and the thoria plus ceria with a yellowish light. The fluorescence in 
each case was much less bright when the oxides were white than when 
they had become discoloured by previous bombardment With very 
high exhaustions the thoria plus cona fluoresced the moro brightly } at 
lower exhaustions the pure thoria gave the brighter fluorescence. 

On the suggestion of Mr. W Mackean, tho tube was pumped up to 
a very high vacuum and oxygen admitted. A similar experiment was 
made with hydrogon, the tube being completely filled with the gas, 
and thon pumped to the proper degree of exhaustion Though at low 
exhaustions these gases gave distinctive appearances to the discharge 
in the tube, no difference in tho behaviour of the mantles with them 
and with air could be detected when once the vacuum reached the 
degree recpiired for producing incandescence of the mantle. 

Further experiments were made with a similar tube containing a 
compound mantle made up of four sections, composed as follows — 
(1) pure ceria, (2) pure thoria, (3) 50por cent, thoria 50 per cent, ceria, 
(4) 99 per cent, thoria 1 per cent, cona, 

With an intensity of cathode rays that gave a brilliant light with 
Nos. 2 and 4, Nos. 1 and 3 were found to give practically no light, 
becoming barely rod hot, while, as before, No 4 was found to give 
slightly more light than No 2, and to heat up more rapidly and cool 
more rapidly than the latter. 

These experiments show that thoria and ceria, both alono and mixed, 
behave quite differently when heated by cathode ray bombardment 
than when heatod in a Bunsen flame In the latter, 99 per cent, 
thoria plus 1 per cent, ceria gives many times as much light as pure 
thoria alone, while, when incandesced by cathode rays of equal inten¬ 
sity, the difference, though in a similar direction, is exceedingly small. 
Again, in the flame pure ceria gives just about the same amount of 
light as pure thoria, while with a given intensity of cathode ray bom¬ 
bardment thoria gives a brilliant light, while cona gives practically- 
none. 

In arriving at any finally satisfactory theory of the luminescent pro¬ 
perties of the rare earths, these results with cathode rays, which differ 
materially from those obtained by other methods of heating, will 
require to be taken into account. 

I am indebted to the courtesy of the Welsbach Incandescent Gas 
Light Company for the samples of the rare earths with which tho above 
investigations were made; also to the assistance of Mr. J. G. M. 
Stanton and Mr. H» Tyson Wolff in carrying out the experiments. 
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“ On the Electrical Conductivity of Flamos containing Salt 
Vapours.” By Harold A. Wilson, B.Se. (Loud, and Vic.), 
1851 Exhibition Scholar, Communicated by Professor J. J. 
Thomson, F.R S. Received March 10,—Read April 27,1899. 

(Abstract.) 

The experiments do&crihed in this paper wore undertaken with the 
object of following up the analogy betwoon the conductivity of salt 
vapours and that of Rontgenisod gases, and especially of getting some 
information about the velocities of the ions in the flame itself. 

They are to some extent a continuation of the research of which 
an abstract has already been published in the * Proceedings of the 
Royal Society/ 4 

The paper is divided into the following sections :— 

(1) Description of the apparatus for producing the flame. 

(2) The relation between the current and E.M.F in the flame. 

(3) The fall of potential between the electrodes. 

(4) The ionisation of the salt vapour 

(5) The relative velocities of the ions in the flame. 

(6) The relative velocities of the ions in hot air. 

(7) Conclusion. 

Tho apparatus usod for producing the flame was similar in principle 
to that used m the investigation referred to above. Carefully regu¬ 
lated supplies of coal gas and air were mixed together along with spray 
of a salt solution, and the mixture burnt from a brass tube 0*7 cm. in 
diameter. • 

The flame thus obtained was steady, and measurements of its con¬ 
ductivity, when a particular salt solution was sprayed, did not differ 
more than 1 or 2 per cent, on different days. The height of the inner 
sharply defined green cone was 1*5 cm., and that of the outer cone 
7*5 cm. 

The current between two gauzes of platinum wire, each 14 cm. in 
diameter, and placed horizontally one above the other m the flame, was 
measured for E.M.F's up to 800 volts, and with various distances 
betwoon the gauzes. 

The current with a large E.M.F. was found to be independent of the 
distance between the electrodes when the upper electrode or gauze 
was positively charged, provided that the distance between the elec¬ 
trodes was not so great that the upper one was in the cooler parts of 
the flame near its point. When the upper gauze was comparatively 

• “ The Electrical Conductivity and Luminosity of Flames containing Vaporised 
Salts," by Arthur Sznitlhells, H. M. Dawson, and H. A. Wilson, * Boy. Soo. Proo ,* 
▼ol. 64, p. 142. 



121 


Conductivity of Flames containing Salt Vapours 

cool the current was much smaller, but if the upper gauze was kept 
hot by passing a current through it, then the current with a large 
E.M.F. was independent of the distance between the electrodes, oven 
when the upper electrode was above the point of tho flamo 

If both of the electrodes were hot, then the current, as the E.M.F. 
was increased, attained a nearly constant value. Cooling the positive 
electrode by taising it in the flame caused the current to increase 
towards this saturation value much more slowly than before, while 
cooling tho negative oloctrodo, the positive one being hot, caused the 
current to show no sign of arriving at a maximum*value. The current 
was much greater when the negative electrode was hot, and the positive 
electrode cool, than when the negative electrode was cool, and the 
positive one hot 

The fall of potential in tho flame between the gauzes was examined 
by putting in an insulated platinum wire, and finding the potential it 
took up. When both the electrodes were hot, the fall of potential 
closely resembled that observed m gases at low pressures- That is to say, 
near each electrode there w as a comparatively sudden fall of potential 
much greater near tho negative electrode than near the positive, with 
a small and nearly uniform gradient m between. If either of the 
electrodes was cooled, then tho fall of potential near that electrode 
became much greater, and often was neaily equal to the total drop of 
potential between the electrodes This effect was usually much more 
marked in the case of cooling the negative electrode than with the 
positive electrode. 

If the positive electrode was uppermost and somewhat cool, then 
with small E.M.F.’s practically all the potential fall occurred near to 
the positive electrode; but if the E.M.F. was sufficiently increased, 
then a drop of potential appeared at the negative electrode, and with 
a still greater E.M.F. this became greater than that at the positive 
electrode, as it is in gases at low pressures. 

Some of the results obtained pointed to the conclusion that nearly 
all the ionisation of the salt vapour takes place at the surfaces of the 
glowing electrodes, and not throughout tho volume of the flame. A 
variety of experiments were tried to test this view, all of which con¬ 
firmed its correctness. Thus, with two platinum foil electrodes opposite 
one another in the flame, no increase in the current between them 
occurred when a bead of salt was put between them, so that the salt 
vapour from it passed between them without touching either electrode. 
If the vapour came in contact with the negative electrode, there was 
a great increase in the current, and a considerable but smaller increase 
when it came in contact with the positive electrode. 

The relative velocities of the ions of alkali metal salts in the flame 
were estimated by finding the potential gradient necessary to make the 
ions travel down the flame against the upward current of gases. 
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This was done by putting a bead of salt between the two gauze 
electrodes, and finding what E.M F. was necessary to produce an 
increase in the current between the eloctrodes when the bead was 
put in. 

The potential gradient corresponding to this least E M.F. was then 
determined. In this way it tfas found that the positive ions of salts 
of Li, Na, K, Rb, and Cs, all have nearly the same velocity in the 
flame, whilst the negative ions of various salts of these metals also 
have equal velocities which are about seventeen times as great as the 
velocities of the positive ions. 

The velocity of the positive ions was estimated to be about 60 cm. 
per second for one volt a cm., and that of the negative ions was about 
1000 cm per second. 

The lelativc velocities of the ions of various salts was also deter¬ 
mined in a current of air at alxiut 1000° C., which was obtained by 
passing the air through a platinum tube 1‘3 cm. in diameter, and 50 
cm. long, heated in a gas-tube furnace The method used was exactly 
analogous to that used m the flame. The ions could be divided into 
three classes, m each of which all the ions had equal velocities, viz.:— 

Vclority. 

1. Negative ions of salts of Li, Na, K, Rb, Cs, Ca, Sr, 

and Ba. . 26*0 cm.-sec. 

2. Positive ions of salts of Li, Na, K, Rb, and Cs 7*2 „ 

3. Positive ions of salts of Ca, Sr, and Ba . . . 3 8 „ 

It thus appears that those ions which in solutions carry equal 
charges have equal velocities in the gaseous state. This points to the 
conclusion that the velocity of a gaseous ion in a given medium de¬ 
pends only on its charge. The velocities are less than those calculated 
for ions consisting of one atom, so that each ion appears to be a cluster 
of atoms If we regard this cluster as held together by the charge on 
it, then it is reasonable to suppose that the size of the cluster will be 
determined by the charge. Hence those ions having equal charges 
will lie of equal sizes, and consequently of equal masses, since the 
atoms forming the cluster probably come from the medium rather 
than from the small quantity of salt present. Consequently they all 
have the same velocity under similar conditions. 

The two main results arrived at in this paper, viz., that the ionisa¬ 
tion of the salt vapour in the flame takes place only at the surfaces of 
the glowing electrodes, and that the velocity of the negative ions in 
the flame is very much greater than the corresponding velocity of the 
positive ions, enable the phenomena of unipolar conduction to be very 
easily explained* For example, if one electrode is much hotter than 
the other, then if the hot electrode is negative, it will give off negative 
ions very freely, and there will be a large current; but if the hot 
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electrode is positive, then the small velocity of the positive ions is not 
favourable to their being dragged away from the electrode before they 
can recombine, so that the current is very small unless a very great 
E.M.F. is applied. 


“ On a Quartz-thread Gravity Balance.” By Richard Thrklfall, 
lately Professor of Physics m the University of Sydney, and 
James Arthur Pollock, lately Demonstrator of Physics in 
the University of Sydney Communicated by Professor J. J. 
Thomson, F R.S. Received Apul II—Read April 27, 1899. 

(Abstract.) 

The first part of the paper contains an account of the instrument in 
its present form, an account of the investigations leading up to the 
form adopted being relegated to an appendix. 

The principle of construction is as follows:—A quartz thread 
(which requires to be piepared with much care) is stretched horizon¬ 
tally between two supports, to which it is soldered At one end tho 
point of attachment is tho centre of a spring of peculiar construction, 
designed so as to bo capable of displacement in tho direction of the 
thread, but incapable of any transverse motion or vibration 

At tho other end the thread is attached to tho axle of a vernier arm 
moving over a sextant arc, by turning tho axle the thread may be 
more or less twisted, tho amount of twist being ascertained m terms of 
the divisions of tho sextant arc 

Midway between the two supports tho thread is soldered to a short 
length of fine bruso wire, which is adjusted so that the centre of 
gravity of the wire does not he immediately above or below the thread, 
but at some distance from it The wire forming the “ lever " is then 
rotatod about the thread as axis m such a manner that the two halves 
of tho thread are twisted through alxmt three whole turns, and the 
torsion of the thread is then of such a \ alue that the lever assumes a 
horizontal position. This adjustment is made by weighting the lever 
with a small speck of fusible metal. The “ balance,” which determines 
the position of the lever with respect to the horizontal plane through 
the thread, is composed of the earth’s gravitational force on the one 
hand, and the forces of resilience of the twisted thread on the other. 
Were gravitational force to increase, the centre of gravity of the lever 
would fall, the end of the lever would move out of its sighted posi¬ 
tion, and the thread would have to be slightly twisted by the vernier 
axle in order to bring the lever back to its sighted position. 

Differences in the gravitational intensity at different stations are 
expressed in terms of the amount by which one end of the thread 
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has to be twisted or untwisted to bring the lever to its sighted 
position. 

In carrying out the construction of the instrument on the principle 
thus explained the following conditions have to lie fulfilled:— 

The instrument must bo portable, and must he able to withstand 
the rough usage inseparable from travelling, without being put out of 
adjustment. It must have a sensitiveness of at least one part m 
100,000 of the value of “ g,” i <?., a change in the value of “g w 
amounting to ono part m 100,000 must be shown by the balance. 

These conditions have been satisfied in the following manner :—The 
thread supports form part of a girder mechanism which is itself con¬ 
tained in a thermally insulated tube. During transport the lever is 
arrested by a mechanism which clamps it with a definite pressure in a 
definite position. The end of the lever is observed by a microscope 
which is always brought into the same relative position with respect to 
the horizontal plane through the thread by moans of sensitive striding 
levels It is shown as a consequence of the mechanical conditions 
that the lever will be in unstable equilibrium when its centre of 
gravity rises above the horizontal plane through the thread by about 
3" Consequently the accuracy with which the lever can bo brought 
to its sighted position is very great, for the position selected as the 
sighted position is within a small fraction of a degree of the position of 
instability. 

As it is nocessary either to keep the balance in an atmosphere of con¬ 
stant density or to correct the observations for changes in the barome¬ 
trical pressure, the former course was decided upon, and consequently 
the instrument is contamod in an air-tight space. This involves working 
the vernier axle through a stuffing box which must be practically fric¬ 
tion less, a condition satisfied by a sort of mercury sealing. 

The difficulty m making the apparatus arises from the fact that 
quartz fibres, though infinitoly better than any other material, are not 
really sufficiently perfect in their elastic properties for the present pur¬ 
pose, and it is only by a judicious balancing of advantages that it is 
possiblo to arrive at the necessary sensitiveness. Kven after two years* 
twisting the thread of the instrument still undergoes a continual, 
though small, viscous deformation, this, however, becomes sensibly 
constant, and can be allowed for. 

A further complication arises from the fact that os the temperature 
rises the quartz becomes stiffer, so that at a given station the circle 
readings are a function of the temperature. We have found that the 
relation between the circle reading and the platinum temperature is a 
linear one at ordinary temperatures. 

An essential feature of the apparatus, therefore, is a platinum wire 
thermometer placed alongside the thread. 

The following statement shows concisely the effect on a determi- 
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nation of gravity of the various observational errors which are 
possible. TTie instrument of course only refers differences of gravity 
to a known difference. The results are expressed in round numbers, 
gravity being taken at its value in the latitude of Sydney. 

Our temperature obhorvations may bo inconsistent by at most one- 
hundredth of a centigrade degree ; this would correspond to an uncer¬ 
tainty of ono part in 700,000 in tho value of “ g.” 

The accuracy with which the microscope can bo set on the levor is 
much greater than the accuracy of reading the sextant arc. If our 
estimate of tho latter is wrong by 5" tho resulting value of u g” is 
affected to tho extent of one part in 1,300,000. 

Tho errors of levelling may amount to one part in 700,000 in the 
value of “ g.” This gives a possible maximum uncertainty of one part 
in 300,000 in the value of “ g ” The daily rate of the instrument does 
not introduce an uncertainty of anything like the amounts mentioned 
above, and can in any case be eliminated by observing alternately at 
two stations, the difference in the value of gravity between them being 
the subject of obsetvation 

Oh.se) mtwna. —Two observers are required, one for the balance and 
one at the thermometer resistance box. 

It is only possible to observe with sufficient accuracy when the tem¬ 
perature is nearly sternly; wo always observe therefore at a time when 
tho temperature passes through a maximum or a minimum value. 
With tho instrument as constructed of various motals it is also neces¬ 
sary to avoid observing too soon after any great and sudden variation 
of temperature. 

Jnmru't/s —We have travelled with the balance from Sydney to Mel¬ 
bourne by tram, from Melbourne to Hobart by steamer, from Hobart 
to Launceston (in Tasmania) by train, back to Melbourne by steamer, 
and to Sydney by tram. Wc have also made many less extended 
journeys in New South Wales, having travelled over more than 6000 
mil os with the instrument. 

Most of these journeys led to our making improvements in the 
instrument, and therefore are not to be regarded as forming surveys. 

If, however, a consistency of ono part in 50,000 in tho \ alue of “ g ” 
be considered satisfactory, thon the Tasmanian stations may be consi¬ 
dered as suvveyod, and the values <issigned to giavity at these stations 
to be referred to the Melbourne-Sydney difference. Since this journey 
was undertaken the instrument has been so much improved in detail 
that we do not discuss its results from a gravitational point of view. 

We have, however, made three test journeys between Sydney and 
Hornsby in New South Wales under proper conditions, and the result 
of these observations shows that at llornsby the thread has to be 
untwisted at one end by the following amounts as referred to the 
reading at Sydney:— 
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Journey 1. Moan of Sydney—HomBby and Hornsby—Sydney. 

Difference 18*5 sextant minutes. 

Journey 2. Moan of Sydney—Hornsby and Hornsby—Sydney. 

Difference 18*1 sextant minutes. 

Journey 3.—Mean of Sydney—Hornsby and Hornsby—Sydney. 

Difference 18 1 sextant minutes. 

The maximum difference is thus 0*1 sextant minute, and corresponds 
to an uncertainty in the value to bo assigned to the acceleration of 
gravity at Hornsby as compared with that at Sydney taken as known 
of one part m 500,000. This we believe to fairly represent the accu¬ 
racy attainable by the instrument in actual field work. Tt is about 
double of the outside accuracy attainable by invariable pendulums, not 
connected by telegraph, and the ol>servation takes about half an hour, 
but the time depends on the time required for the temperature to 
becomo steady The observations quotod took about three hours oaeh. 
Packing and unpacking takes about an hour and a half, and the actual 
observing about five minutes, but the temperature must be watchod to 
tho maxinnun or minimum before the observations begin. 

The weight of the instrument and of appliances taken diroctly from 
the laboratory and packed in strong boxes is 226 lbs , by making 
special appliances with a view to lightnoss this weight might lie reduced 
to one-half. 

The paper is illustrated by working drawings, &c. 


“ Data for the Problem of Evolution in Man. I. A First Study 
of the Variability and Correlation of the Hand." By Miss 
M. A. Whiteley, B Sc., and Karl Tearson, F.R.S. Received 
April 6,—Read April 27, 1899. 

1 In a more purely theoretical discussion of the influence of natural 
selection on the variability and correlation of species, which one of the 
present writers hopes shortly to publish, a number of theorems are 
proved which it is desirable to illustrate numerically. But the quanti¬ 
tative measures of the variability and correlation hitherto published 
are comparatively few in number, especially when, as in the present 
case, we desire to have their values for a number of local races of the 
same species. When we have once realised that neither variability nor 
correlation are constant for local races but are modified in a determi¬ 
nate manner by natural selection, and further that their differences are 
the sure key to\ the problem of how selection has differentiated local 
races, then the importance of putting on record all the quantitative 
measures we can possibly ascertain of variability and correlation 
becomes apparewf. For some five years past various members of the 
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Department of Applied Mathematics in University College, London, 
have, so far as their other work allowed, been collecting and reducing 
data concerning the variability and correlation of different organs and 
characters in man. So far as variability is concerned, 160 cases of 
organs in divers racos of man were worked out by Miss Alice Leo, Mr. 
G. U. Yule, and one of the present writers some years ago,* and since 
then the more laborious task of measuring the correlation of characters 
and organs in man has been going steadily forward, until at the present 
time a considerable mass of material is reduced and ready for publica¬ 
tion The present scries of short papers is intended to cover this 
ground. It will simply state the numerical results reached and any 
obvious conclusions to be drawn from them, leaving to a later date tho 
consideration of the material as a whole, and in particular its bearing 
on the general problem of evolution and the relationship of local races 
of man. 

2. This first study deals only with one character of tho hand in one 
sex and one race. A wider range of material on the skeleton of the 
hand in another local race is already being dealt with. But while the 
con elation of the anatomically simple pints of the hand is of very 
great importance, it does not follow that tho complex members of the 
living hand may not lie equally, or even more, significant when wo have 
to deal with fitness for the struggle for existence. So far os we have 
been able to ascertain, although much has been written as to tho fitness 
of the hand for its tasks, no attempt has ever been made to ascertain 
quantitatively the degree of correlation of its parts.! Hence our 
first object was to get some idea of the correlation of the parts of the 
hand from an easily measured and in practice important part Is the 
hand as highly correlated as the long bones, or as loosely correlated as 
the parts of the skull, or does it occupy some intermediate position like 
that of strength to stature ? Wo accordingly selected as an easily 
measured but still important character the first joint of the fingers. 
The measurement therefore covers, besides the fleshy parts, the head of 
the metacarpal bone together with tho proximal phalange. It is thus 
not anatomically simple, but it probably has much importance for the 
fitness of the hand, and is a measurement which with a little care can 
be made with considerable accuracy. Our measurements were taken 
with a small boxwood spanner graduated to 1/10 inch, and provided 

* A diagram wai exhibited at a soiree of the Boyol Sooiety three year# ago, and 
we shall be glad to >ond a photograph of that diagram to any one working at the 
problem of variation. The data without the diagram are published m a paper on 
" Variation in Man and Woman,” 1 The Chance* of Death/ vol. 1, pp. 266—277. 

t Here, as in other eases, both zoologists and anatomists have since the days of 
Cuvier, talked a good deal about correlation, but would eren to-day be unable to 
reconstruct, with anything like qua*t\tatvo$ accuracy, a skeleton from a long bone, 
• hand from a finger-joint, or a skull from a fragment. 
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with a vernier, so that the readings could be nominally made to 
1/100 inch. Both the hands of 551 women wore measured. At first it 
was proposed to include only those of more than 20 years of age, but 
no sensible difference was found for the means of those between 18 
and 20, and accordingly some sixty or more between these years 
were included m the final results. While more than a moiety of the 
measurements and nearly all the laborious arithmetical reductions were 
made by One of us. Miss M A. Whiteley, we owe measurements on 
the students of University, Girton, Newnham, and Westfield Colleges 
to tho energetic assistance of Miss Dorothy Marshall, B.Sc, and a 
further ninety sots, principally from the students of Bedford College, 
to Miss Edith Humphroy, B.Sc , to both of whom we wish to acknow¬ 
ledge our groat indebtedness. 

In the tabulation of results the groupmg was done to 1/20 inch, and 
the means, standard deviations, coefficients of variation, and coefficients 
of correlation, together with their probable errors, calculated by tho 
processes and formula) .already fully described in papers of the series 
“ Mathematical Contributions to the Theory of Evolution,” by one of 
the present writers. Pianists were specially noted on the data cards, 
but their numbers did not seem sufficiently large to justify any con¬ 
clusions as to the effect of use on variability and correlation—a subject 
which deserves very careful and special investigation.* 

The following notation is used :— 


Ri 


first joint of 

right-hand index finger. 

Ru 

- 


„ middle 

» 

Rni 

■= 

II 

,, nng 

»» 

Riv 


II 

„ little 

i» 

Li 


II 

left-hand index 

fi 

Lii 


11 

„ middle 

99 

Liii 

— 

ii 

ft rin S 

If 

L iv 


)i 

„ little 

II 


3. Relative Size of the Hands .—Turning first to the absolute dimen¬ 
sions of those joints we have, the measurements being in inches :— 


Table I.—Lengths of First Joints of Fingers. 


K 

i. 2-2482 ± 0-0030 

ii. 2*3879 ± 0 0033 
ni. 2*2108 ± 0-0031 
iv. 1*8427 ± 0*0028 


L. 

2*2252 ± 0*0031 
2*3667 ± 0*0033 
2*1878 ± 0*0031 
1 8197 ± 0*0028 


* What effect itoay particular trades or forms of exercise have in modifying the 
variability of tho limbs used and their correlation to other limbs ? The relative 
importance of use and of selection in determining the current values of variability 
and correlation wil\ one day require very careful investigation. 
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We conclude at once that those joints in the right hand arc very 
sensibly larger than in the left. In every case there is a difference of 
about 0*02, and this is many times larger than the probable error of 
the difference, t.e ., J2 x 0-003 about. 

We might, therefore, conclude that the right hand is larger than the 
left. This conclusion is directly opposed to that of W. Pfitzner/ he 
asserts that there is no quantitative difference between right and left 
tor the simple anatomical jiarts of the hand skeleton. His own 
measurements, however, really do show such a sensible difference for 
the Just phalange. All then we assert at present is that the first joint 
and the first phalange are larger in the right than in the left hand of 
women. We prefer to state no more sweeping view at present as to 
other parts of the hand, however strong our private opinion may I>e. 

4. Variability of the Jfa nth —The following are the numerical rehults 


reached; 

Ri. 

Table II 

Standard deviation, 

0 1055 ±0*0021 

Coefficient of variation. 

4-G043 ±0 0954 


Rii 

0 1133 ±0 0023 

4-7432 + 0 0964 


Riii 

.. 0 1091 ±00022 

4-9345 ±0*0100 


Riv 

0 0986+0-0020 

5-3537 ±0 0109 


Li. 

.. 0-1088 ± 0 0022 

4-8917 ±0*0994 


Lii 

0 1137 ±00023 

4 8033 ±0*0976 


Liii 

. . . 0-1082 ±0-0022 

4-9181 ±0-0101 


Liv 

0-0975 ± 00020 

3-3614 ±00109 

If wo 

were 

to judge by absolute variations the index and middle 

fingers < 

of tho right hand are less, the 

ring and little fingers more 

variable 

than 

those of the left hand 

But if we use the more 


reasonable coefficient of variation, we boo that all the first joints for 
the left hand are more variable than the corresponding joints foi the 
right hand, and this is precisely what we might expect if there be 
greater adaptation by selection, or by use of the nght hand. The 
greater the selection, the less the variability. 

In the left hand the relative order of variability (as measured by 
the coefficient of variation) is that of the relative sue of the fingers ; 
in the right hand this is slightly modified.! The work has been caie- 

* Dr. Gustav Schwalbe's 1 Morpbologiache Arbeiten *; W. Pfltzner, 1 Das 
Mcnsohliohe BxtreraitiLtenskelet,’ Bd. I, pp. 21—36, and Bd. II, pp. 09—106, 
1892 and 1893. 

t The divergence is not one on which real stress can be laid considering the 
probable error of the coefficient of variation. The hand confirms a bat we have 
already learnt from the long bones (‘Roy. Soc. Proc./ Vol. 61, pp 347—348), 
that ft per cent. closely measures the variability of the chief parte of the human 
body. 

VOX*. LXV. 


U 
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least correlation, ami the pair of middle fingers higher correlation than 
the pair of ring fingers. 

Dr. Warren* has been the first to consider the correlation of cor¬ 
responding right and left parts He gives for ? series of Naqada 
bones — 

R and L fenmr 0 9618 ± 0 0045 

R and L tibia 0*9505 ± 0*0047 

R and L humerus 0*9643 ± 0*0047 

R and L radius , . 0 9322 ± 0*0124 

Hence wc are compelled to conclude that the correlation between cor¬ 
responding long bones (with the possible exception of that of the 
radii, which is within the probable eiror of the value for the middle 
fingers) is greater than that between corresponding parts of the two 
hands. 

6. Inder Coirdatwiis .—One of the present writers has previously 
expressed doubts of the validity of using index correlations as a 
measure of organic correlation.! At tho same time it may not be 
without value to put on iecoid the conelations between tho fingor 
joints expressed m terms of the first little finger joint as unit. 

There aro two mothods of obtaining index correlations, either 
directly by forming the actual ratios and then grouping them m cor¬ 
relation tables, or indirectly from the variations and correlations of the 
absolute quantities by means of the formulas given in the memoir citod 
in the footnote. The latter is by far the easier process, but it neglects 
what are usually small quantities of the third order. In order to 
justify the use of the latter method, the values of the constants for 
i u ■■ Ri/Riv and i 2 \ = Ru/Riv were found by both methods. They 
gave the following results, 2 , 4 , 2 J4 being the standard deviations of 
the indices, Vh, V 24 the coefficients of variation, and /> the coofficiont 
of correlation. 

Table V. 


] 

Directly. 

By correlation tabic. 

Indirectly. 

By formula. 

Difference. 

1 ]4 

1 '2216 

1*2210 

+ 0'0006 

»j 4 

1 *970 

1*2968 

+0*0002 


0*0808 

0*0879 

-0*0011 


0*0889 

0*0395 

-0 0006 

Vu 

3*0097 

3 *1018 

-0 0910 

v„ 

3*0084 

3*0487 

-0*0453 

p 

0*7888 

0 7681 

-0*0243 


* • Phil. Trans.,* B, vol. 189, p. 178. 
t ' Boy. 8oo. Proo.,* vol. 00, pp. 489—498. 
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It will be aeon at once that the means and standard deviations 
obtained by the two methods are very close, but that m the coefficients 
of variation and correlation there may be a difference of some 3 per 
cent. Sensible as this is, its amount did not seem to justify the 
immense additional labour of index correlation tables—until at any 
rate the biologists have shown what possible use can bo made of index 
correlations for organic relationship. 

The following results were obtained — 



Tul.lo VI 


Index 

Menu value 

Bfamlunl deviation. 

R i/R iv 

1 1 2210 

0 03787 

K 11 /It iv 

1 *2068 

! 0 *03954 

R ni/R iv 

1 2001 

0 *03270 

L i/L iv 

l *2238 

0 03799 

L u/L iv 

1 3010 

0 04001 

L in/L iv 

i 2030 

0 03180 


It would thus appear that the indices fur the left hand aio all 
larger than for the right, or the index, middle and ling fingers 
relatively larger with respect to the little huger in the left than the 
right hand. On the whole the ^inability of the right hand still 
appears less than that of the left, i r , two cases against one. 

Turning to correlation, the following values were found — 


Table VII.—Total Correlations of Indices 


I Bi/Riv 
| Ru/Riv 
Rin/Rir 


i 

Ri/Riv 

Rn/R iv 

Rm/K iv 

L i, bn 

j _ 

Ln Lit 

L u L iv. 

1 

0*7631 

0*0632 

0 7G3L 

1 

0*7810 

0 G632 

0 *7310 

1 

I 

! i 

1 0 7774 

1 0 6687 | 

0*7774 

1 

0 7590 

0-6587 

0*7690 

1 


Li/Liv 

Lu/Liv 

Lm/Liv 


Here, but not so decisively as m the caso of alwolute magnitudes, 
the loft hand exhibits higher correlation. This higher correlation 
becomes absolutely decisive, howc\er, if we consider the spurious cor¬ 
relations given below. 


Table VIII.—Spurious Correlations of Indices. 



Ri/Riv. 

Rii/Riv. 

Rui/Riv 

Li/Liv. 

Lii/Liv. 

Lui/Liv. 


Ri/Riv 

Rii/Riv 

Riii/Riv 

1 

0-5628 

0-6529 

0*6628 

1 

0*5504 

0*6629 

0*5504 

1 

1 

0*5602 

0*5429 

0*6602 

1 

0 5473 

0*5429 

0*5473 

1 

Li/Liv 

L u/L iv 
Liii/Liv 
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In every case the right hand exhibits more tfurimw correlation than 
the left, and onr previous conclusion is thus thoroughly confirmed, 
the left hand exhibits higher organic correlation of its parts than the 
right. How ih this to bo explained ? It is all important that further 
researches should determine whethor it is selection or use which 
differentiates the two hands. It would be hardly possible to find a 
sufficiently large group of left-handed persons to mark how far varia¬ 
tion and correlation were modified; but measurements on the hands 
of children, of the educated and luioducatcd, and of workmen following 
particnl.ii trades might possibly throw light on the extent to which use 
modifies correlation. 

We append the correlation tables giving the data upon whnh otn 
numerical value'' arc Wed 
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IX.—Index and Little Fingers, Left Hand (L i and L iv). 
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Miss M. A. Whiteley and Prof. Karl Pearson. 
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XVII.—Ratios of Index and Middle Finger to Little Finger. 
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List of Candidates recommended for Election, 


May 4, 1899. 

The LORD LISTER, F.R.C.S., D.C.L., President, in the Chair. 

A List of the Presents received was laid on the table, and thanks 
ordered for them. 


In pursuance of the Statutes, the names of the Candidates recom¬ 
mended for election into the Society were road, as follows:— 


Barrett, Professor William. 

Booth, Charles, D Sc. 

Bruce, David, Major R A M.C. 
Fenton, Henry John Ilorstman, 
M.A. 

Gamble, James Sykes, M.A. 
Hadden, Professor Alfred Coit, 
M.A. 

Head, Henry, M.D. 

Hole-Slmw, Professor Henry Selby, 
M.Inst.C.E. 


Morgan, Professor Conwy Lloyd, 
FG.S. 

Reid, Clement, F.Q.S. 

Starling, Ernest Henry, M.D. 
Tanner, Professor Henry William 
Lloyd, M.A. 

Threlfall, Richard, M.A. 

Tutton, Alfred E., B Sc. 

Wmdlo, Professor Bertram Coghdl 
Allen, M.D. 


The following Papers vvero read ;— 

I. 14 Photographic Researches on Phosphorescent Spectra.” By Sir 
W. Crookes, F.R.S. 

II. “ On the Chemical Classification of the Stars.” By Sir Norman 
Lockyku, K.C.B., F.R.S. 

III. “On the Presence of two Vermiform Nuclei in the Fertilised 

Embryo-sac of Lihum Mai tor/cm.” By Miss E. Sargant. 
Comraunicatod by Dr. D. H. Scott, F.R S. 

IV. “ Onytjem equina (Willd ): a Horn-destroying Fungus.” By 

Professor H. Marshall Ward, F.R.S. 

V. 11 Impact with a Liquid Surface, studied by the aid of Instan¬ 
taneous Photography. Paper II.” By Professor Worth¬ 
ington, F.R.S., and R. C. Cole. 

VI. “ The external Features in the Development of Lepidosireti para- 
dom (Fitz.).” By J. G. Kerr. Communicated by A. 

Sedgwick, F.R.S. 

\ 

VII. “ An Observation on Inheritance in Parthenogenesis.” By Dr. E. 
Warren. Communicated by Professor Weldon, F.R.S. 
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Impact with a Liquid Surface. 

YIII. “The Thermal Expansion of Pure Nickel and Cobalt." By 
A. E. Tutton, B Sc. Communicated by Profosaor Tilden, 
f F.RS. 

The Society adjourned over Ascension Day to Thursday, May 18. 


“ Impact with a Liquid Surface, studied by the aid of Instanta¬ 
neous Photography Paper II” By A. M. Worthington, 
M.A, F.R.S, and R. S. Cole, MA. Received March 21,— 
Read May 4, 1899. 

(Abstract.) 

This paper is a continuation of a paper under a similar title, published 
in the * Philosophical Transactions/ A, vol 189, 1897. 

It was there shown that between the splash of a rough and that of a 
polished sphere falling the same distance into water, there is a remark¬ 
able difference from the first moment of contact. The causes of this 
difference are now investigated. 

The configuration of the water siuface below the general level, when 
a rough sphere enters, is first studied by instantaneous photography, 
and the origin is traced of the bubble that follows in the wake of the 
sphere and of the emergent jet which follows its disappearance. The 
depression or crater formed round the entering sphere is surprisingly 
deep. This cavity segments, the lower part following as a bubble in 
the wake of the sphere, while the upper part fills up by tho influx of 
surrounding water, which gathers velocity as it converges towards the 
axis of the disturbance, and so produces the upward spurt of the jet. 

Experiments are described in which some idea of the actual dis¬ 
placements in tho liquid has been obtained by letting the sphere 
descend between two vertical slowly ascending streams of minute 
bubbles liberated by electrolysis from two pointed electrodes. 

It is found that with a gradual increase m the height of fall of a 
well-polished sphere, the splash changes in character, and that the 
sphere soon begins to take down air. But the height at which this is 
first noticeable is largely dependent on minute differences in the con¬ 
dition of the surface, and even on its temperature. It was further 
found that dropping a smooth sphere through a flame, under certain 
conditions, invariably alters entirely the course of the splash. This 
action of the flame is proved to be no action of electrical discharge, 
and reasons are given for attributing it to tho burning off of fine dust 
which has collected on the surface during the fall. 

The influence of dust was proved by dusting one side only of a 
polished sphere, a proceeding which always results in completely 
changing the character of the splash on the dusted side. 
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Dr. E. Warren. 


A satisfactory general explanation of all the phenomena is found in 
the view that with a smooth sphere, cohesion is operative in guiding 
the advancing edgo of the liquid sheath which rises over and closely 
envelops the sphere. If the surface is not rigid (e.gr., is dusty), or is 
rough, then the momentum of the sheath carries it, once for all, away 
from the surface of the sphere, and the subsequent motion is quite 
different. The persistence of the remarkable radial nbs or flutings 
observable in the film that ensheathes a smooth entering sphere is 
completely explained by the assumption of a viscous drag spreading 
from the surface of the sphere outwards, and these flutings arc always 
absent from any part of the sheath that has left the sphere. Their 
presence is an indication that there is no finite slip at the solid 
surface. 

Experiments made with water mixed with glycerine show that, up 
to a certain point, tho character of the disturbance is but slightly 
affected by large changes in viscosity. With pure glycerine, however, 
a thin film of water absorbed from the atmosphere equivalent to a 
layer ^ mm. thick, was found completely to change the course of a 
splash, a striking proof of the importance of the initial motion in 
determining that which is to follow. 

Experiments conducted m vacuo prove that tho presence of the air 
has no noticeable influence on the early course of a splash, but that its 
pressure subsequently prevents cavitation of the liquid under what 
would otherwise be negative pressures. 

The paper concludes with a reference to the remarkable similarity 
between the splash at the surface of a liquid and that caused at the 
surface of a hard-steel armour-plate by the impact of a projectile, and 
with the suggestion that the explanation may be found in the argument 
of Poynting,* which demands an increase of molecular mobility with 
increase of pressure. 


“ An Observation on Inheritance in Parthenogenesis.” By Ernest 
Warren, D.Sc., University College, London. Communicated 
by Professor W. F. It. Weldon, E.R.S. Received March 22, 
—Read May 4, 1899. 

On certain theoretical grounds it has been supposed by Weisraann 
that offspring produced by parthenogenesis exhibit little or no vari¬ 
ability. To determine how far this conclusion was warranted by fact, 
some measurements were made on Daphnia magna (Straus).t 

* Poynting, “Change of State, Solid-Liquid,' 1 'Phil. Mag.,' July, 1881; mo 
also two very important papers by Tresca on the “ Flow of Solids," * Proceedings 
of Institution of Mechanical Engineers,* June, 1887, and June, 1878. 

t The measurements were made under the microscope with Zeiss's sorew. 
micrometer. 
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An Observation on Parthenogenesis. 

The dimensions taken were :— 

(1) The total length of the body measured along a line passing ven trolly 
from the base of the spino and cutting the convex surface of the head 
opposite the middle of the compound eye (AB, see figure) 



(2) The length of the protopothfe of the 2nd antenna of the right side. 
The measurement was made on the posterior surface of the proto- 
podito along a line parallel to the dorsal edge At the articulation 
with the head tho exo-skoleton of the protopodite possesses a well 
defined point, which forms a good inner Limit to tho measurement 
(Cl)). 

Since, under favourable conditions, these animals continue to grow 


thioughout life, the socond dimension was expressed in terms of the 

first, thus R- Piotopo'lito y ]000 

Total length of body 

The mean of the relative length of the piotopodito sinks as tho 


animal grows, but between a body length of 2*4 mm. and 3*6 mm. (tho 
total range of size) the change would not be large. I find that at the 
time of measurement the offspring were constantly somewhat smaller 


(0*4 to 0*5 mm.) than the parents, hut as this applies to all tho broods 
which were measured, tho rise in tho mean of the offspring would not 
affoct the correlation surface. 


From twenty-three Daphnia (themselves originating by partheno¬ 
genesis) broods were produced consisting of three to six individuals. 
Tho parents were measured, and the offspring wore allowed to grow up. 
On measuring tho offspring it was at once obvious that the children of 
tho same brood exhibited very considerable variability. 

In the following table (p. 156) the results of tho measurements are 
displayed in a correlation surface. 

The table illustrates tho variability of children of the same partheno- 
genetie family, and we can further see, for example, that offspring 
with« parentage of 169*5 thousandths exhibited a range of variation 
159*8—181*5 thousandths. 


The following oonstants were calculated:— 
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1. The standard deviation (S. D.) of the mothers 

weighted according to the number of offspring 
produced . .. . . 2 2208 

2. The standard deviation of the offspring .^=2 9503 

3. The standard deviation of array of offspring . . - 2*6104 

4. The coefficient of correlation. ~ 0*466 ± 0 0539 

5. The coefficient of regression of offspring on 

mothers .... . = 0619 ±0*0809 

According to Mr. Gal ton’s theory of ancestral heredity, a child, on 
the average, inherits l/4th of any inherited character from either of its 
parents, 1/16th from any one of its grandparents, 1 /64th from any one 
of its eight great grandparents, and so on 

From a mathematical standpoint Professor Pearson* has examined 
Mr. Gal ton's theory, and ho finds that if it he expressed in the form 




_ S1). of off spinig 

S.I). of individual parent of tho nth gone) ation 


tho coefficients of correlation and regression between offspring and any 
generation of ancestors flow directly from it. Professor Pearson shows 
that the total regression of tho progeny on tho imd patent of any genera¬ 
tion is constant and is equal to 0 6, while the correlation and regression of 
an mlivtdvnl ]M7ent of the «th generation (supposing equal variability 
for all generations) == 0*6(£) n and the correlation of tho mid-pat nit 

of the nth generation 0 6^ :> ^ * 

Hence the coefficients of correlation and regression of an individual 
parent of the 1st generation (is ,fathri or motto) ~ O'G^) 1 = 0*3, and 

tho coefficient of correlation of the mid-patent = 0*6^-^ j = 0*424, and 

tho coefficient of regression, as wo have just scon above, *= 0*6. 

Now, on comparing observation with theory, wo see that the par- 
thenogenetic mother appoars to act like a mid-parent; the coefficients 
of correlation and regression being respectively 0*466 and 0*619. 

Further, we know ^*P* P? rents ^ ^ 0*71, and m the present 


0*71, and m the present 


= 0*75. 


S.D. of progeny r 

S.D. of parthenogenetic mothers 2’22 _ r 

two-S7D7ofprogeny- = 2*5 ~° 7 °' 

Among my notes there are recorded the measurements of twenty- 
six grandchildren, the offspring of seven grandparents. With these 
the coefficients of correlation and regression were calculated. On 
account of the altogether insufficient number of individuals, the results 
were bound to be very uncertain, but they appear to favour the view 
that inheritance in parthenogenetic generations resembles that from 

* * Roy. Soc. Proc./ toI. 62, pp, 886—412, 
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Prof. H. Marshall Ward. 


mid-grandparent to grandchildren. The coefficient of correlation was 
0*272 ±0*12, and the coefficient of regression - 0*5 ±0*2, while, accord¬ 
ing to theory, they should be 0*3 and 0*6 respectively. 

The evidence of these measurements cannot be said to be conclusive, 
and I am about to test the theory on some other parthenogenetic 
animal. If, however, this kind of inheritance be found to hold at all 
generally in parthenogenesis, it would be a fact of very considerable 
significance, and might conceivably give some insight into the physio¬ 
logical causes of heredity and variation. 


“ Onygena equina (Willd ): a Horn-doatroying Fungus ” By H. 
Makshall Ward, 1).Sc., F.R.S., Professor of Botany in the 
University of Cambridge Received Apwl 6,—Read May 4, 
1899. 

(Abstract.) 

The genus Onygena comprises half a dozen species of fungi, all very 
imperfectly known, remarkable for their growth on featheis, hair, 
horn, hoofs, &c., on which their Bporocarps appear as drum-stick 
shaped bodies 5—10 mm. high. A cow’s horn, thoroughly infested 
with the mycelium of the present species, yioldod material for the 
investigation, and the author has not only verified what little was 
known, but has been able to cultivate the fungus and trace its life- 
history, neither of which had been done befoie, and to supply some 
details of its action on the horn. 

The principal new points concern the development of the sporo 
phores, which arise as domed or club-shaped masses of hyph® and 
stand up into the air covered with a glistening white powder. Closer 
investigation shows this to consist of chlamydospores, formed at the 
free ends of the up-growing hyph®. Their details of structure and 
development are fully described, and their spore nature pioved by 
culture in hanging drops. The germination, growth into mycelia, 
and peculiar biology of these hitherto unknown spores wore followed 
in detail, and in some cases new crops of chlamydospores obtained 
direct in the cultures. 

When the crop of chlamydospores on the outside of the young 
sporophore is exhausted, the hyph® which bore the spores fuse to 
form the peridium clothing the head of the sporocarp, and peculiar 
changes begin in the internal hyphee below. 

Minute tufts or knots of claw-like filaments spring from the hyph® 
forming the main mass of the fungus, push their way in between the 
latter, and so find room in the mosh-hke cavities. Here the closely 
segmented claws form asci—they are the ascogenous hyphee—and the 
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details of development of the asci, their nucleated contents, and the 
spores are determined. As the spores ripen, the asci, which are 
extremely evanescent, disappear, and in the ripe eporocarp only spores 
can be seen # lying loose in the meshes of the gleba. The ascomycetous 
character of the fungus is thus put beyond question, though the 
peculiar behaviour of the developing uscogenous tufts at one time 
rendered it questionable whether the older views as to the relationships 
were not more probable 

No one had hitherto been able to trace tho gemination of these 
asooflpores—tho only spores known previously—and De Bary ex¬ 
pressly stated his failure to do it. The author finds that they require 
digesting in gastric juice, and so in nature they have to pass through 
the stomach of tho animal By using artificial gastric juice, ami 
employing glue and other products of hydrolysis of horn, the details of 
germination and growth into mycelia, capable of infecting horn, were 
traced stop by stop under the microscope and fully described 

No trace of any morphological structure comparable to sexual organs 
could be discovered, though many points suggest the alliance of this 
fungus with Erysiphere anil Truffles. 

The author also found that similar digestion promotes the germina¬ 
tion of the chlamydosporos, and in both cases has not only traced the 
germination step by step, but has made measurements of tho growth 
of the mycelium, induced tho formation of chlamydosporos on the 
mycelium again, and by transferring vigorous young mycelia to thin 
shavings of horn has observed the infection of the latter. 

It thus becomes evident that the spores of Onygena pass through the 
body of an animal in nature, and, as might be expoctod from this, 
extract of the animal’s dung affords a suitable food medium to ro-start 
the growth on horn. Probably the cattle hek the Onyqeiui spores from 
their own or each other’s hidos, hoofs, horns, &c., and this may explain 
why tho fungus is so rarely observed on the living animal: it is recorded 
from such in at least one case however. 

Very littlo is known as to tho constitution of horn, and some experi¬ 
ments have been made to try to answer the question—what changes the 
' fungus brings about. Tho research has also obvious bearings on the 
question of the decomposition of hair, horn, feathers, hoofs, &c., used 
as manure in agriculture. Although a bacterial decomposition of hoof 
substance is known to the author, special investigation of the question 
showed that in the present case no symbiosis between bacteria and the 
Onygena exists. 

For the details as to the literature, the discussion as to the syste¬ 
matic position of Onygena y the experimental cultures, growth measure¬ 
ments, and the histology, the reader is referred to the full paper, which 
is illustrated by plates and numerous drawings. 
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Development of Lepidosiren paradoxa, Fitz, 


“Tho External Features in the Development of Lepidosiren 
paradoxa , Fitz. By J. Graham Kekb. Communicated by 
A. Sedgwick, F.B.S. Received April 11,—Bead May 4, 
1899. 

(Abstract.) 

The paper opens with a short account of the habits of Lepidosiren as 
observed in the Gran Chaco. A description is then given of th e 
oxtemal features in the development. The more important points 
this may be summarised as follows. 

The egg is very large, G 5—7 mm m diameter. It is surround*^} 
by a special capsule at first thick and almost jeliy-liko in appcaranc^ 
later on (after fertilisation) thin and horny. Outside this was found jjJ 
raio cases a thick jelly resembling that of tho common frog’s egg 
The egg is without a trace of dark pigment. Segmentation is COi n . 
plote, resembling most nearly that of the ogg of Anna, and lead* to! a 
condition with an upper hemisphere of small cells with large segment^, 
tion cavity, and a lower of largo yolk cells. Gastrulation begins wi^ 
the appearance of a row of depressions, or a continuous groove aloi , 
alxmt one-third of the whole extent of tho margin between small an , 
large colls. During its progress the small-celled portion spreads ovt 
the lower yolk cells by the addition to its margin of small cells split 
off from the yolk cells. As the groove referred to deepens into a slit 
to form tho archenteron, it bocomcs gradually shorter, and tht 
eventual complete blastopore is a crescentic slit only about a quarter of 
the length of tho original groove. The medullary folds soon appear 
running forwards horn the blastopore. There is no trace externally of 
a blastoporic or piotostmtwl seam running along the back between the 
medullary folds. The folds are low and inconspicuous, and they are 
continued into one another boliind the blastopore, which becomes tho 
anus. There arc only slight tracos of overarching of the modullary 
folds to enclose a neural canal. During the later stages of intraoval 
development, the posterior end of the body becomes much more con¬ 
spicuously folded off the yolk than the head end. The Lepidosiren 
hatches out as a tadpole-shaped larva, still completely devoid of dark 
pigment. Just about the time of hatching tho cloacal opening closes 
temporarily. As the larva develops it becomes extraordinarily 
amphibian-like. It possesses large pinnate external or somatic gills, 
four on each side, corresponding to branchial arches I, II, III, and IV. 
A large cement organ is also present, which during its early stages is 
of the characteristic crescent shape so usual in the embryos of Anura. 
Figment begins to appear about ten days after hatching—first in the 
retina, then over the dorsal surface, especially anteriorly. The larval 
condition lasts during the first six weeks after hatching. Towards the 
ond of this period the cement organ undergoes atrophy. The somatic 
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gills atrophy later. Dtumg the process of their doing so, the Lepido- 
airen passes through a condition m which tho stumps persist evidently 
corresponding to that well known in the young Protopterus, the group 
of external gills with their common stalk having come by differential 
development to be situated immediately above the fore limb. After 
the close of the larval penod the Lepidosirens become much darker in 
colour and more lively in their movements. Youug were obtained from 
the nest up to a length of CO mm. About this time the cornea logins 
to assume the whito unhealthy appearance that it has in tho adidt. In 
the young of this size, small yellow Rpota appear, and in tho young of 
90 mm. those are conspicuous. Occasional yellow blotches persist in the 
young Lopidosiren of eighteen months, but m tho adult they disappear. 

The paper concludes with general icmarks on tho phenomena de- 
senbed. The segmentation approaches most closely that of Ganoids 
The shortening up of the invagmating groove is considered to illus¬ 
trate a procoss which has taken place in phylogeny in the passage from 
tho primitive holoblnstic egg to tho moroblastic condition. The con¬ 
tinuity of the medullary folds behind the anus is adduced, together 
with tho evidence accumulating of the prolongation of tho blastopore 
alongLithe floor of the medullary groove m other forms (Amphibia, 
Ceratodus, e.q.) as affording potent evidence m favour of the hypothesis 
which derives the Vertebrata from ancestral forms as primitive as tho 
Cadeiiterata, and possessing a nelongated mouth traversing the neural 
surface. The occurrence of external gills in the young of three so 
comparatively primitive groups of Vertebrata as CrossoptorygStns, 
Dipnoans, and Amphibians, their occurrence on four branchial arches 
in Lopidosiren, and on at least the hyoid arch in Crossopterygians, and 
tho occurrence of a probable homologue on the mandibular arch in 
Urodela, are taken as suggesting that thedfe structures are organs of 
great antiquity in the Vertebrate stem, and that there was formerly ono 
present on each visceral arch. It is pointed out that were this so, it 
would afford a theory of tho origin of the vertebrate limb, which 
would be supported by much of tho evidence brought forward by the 
supporters of tho Gegenbaur view, and which at the same time would 
avoid the most important difficulties in the way of this view. 


“ The Thermal Expansion of Pure NicUel and Cobalt.” By A. E, 
Tutton, 11.Sc. Communicated by Professor TlLDEN, D.Sc., 
F.ILS. Received April 18,—Read May 4, 1899. 

(Abstract.) 

The author has carried out a series of re-determinations of the co¬ 
efficients of thermal expansion of these two metah with the aid of the 
interference dilatometer described in a former communication to the 

VOL. LXV. y N 
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Society.* Since the determinations made by Fizeau in the year 1869, 
a large amount of additional knowledge has been accumulated with 
reference to nickel and cobalt, including the discovery of the liquid 
nickol carbonyl, which places processes of purification in the hands of 
the chemist of a character so superior to the older methods, as to 
render it highly desirable that re-determinations of the physical con¬ 
stants ot these mtoiosting elements should l>o carried out with speci¬ 
mens of the metals thus purified By the kindness of Professor 
Tildon, who has propaiod such specimens with infinite caic for the pur¬ 
poses of the investigation of othei physical and chemical characters, 
the author has been enabled to carry out determinations of the thermal 
expansion with rectangular blocks varying in thickness from 8* to 
13 mm. The blocks were furnished with parallel and truly plane 
surfaces by the makers of the dilatometer, Messrs. Trough ton and 
Simms. f rho rango of temperature of the olnervations was from 
6° to 121°. 

The results of the determinations of the coefficients of linear expan¬ 
sion a are as follows — 

a - a + 2 bt 

For nickel a - 0 000 012 48 + 0 000 000 014 8/ 

For cobalt a - 0 000 012 08+ 0 000 000 012 8/. 

Nine different determinations were carried out for each metal, three 
in each of the three rectangular directions, m order to eliminate any 
slight error due to directional strain in the metallic blocks. As the 
metals crystallise m the regular system, the expansion should lie the 
same m all directions. The metal m each case hod solidified after 
fusion in an oxy-hydrogon flame in presence at the last of excess of 
oxygon. The individual rosults are highly concoidant, the highest 
result for cobalt being still lower than the lowest of the nine values 
obtained for nickel. Hence there can lie no doubt that the above 
coefficients represent the true relationships 

The main result of the investigation may l>e summarised as fol¬ 
lows .—The coefficients of linear expansion a of pure picket and cobalt 
exhibit a slight but real difference, the coefficient of nickel being 
distinctly greater than that of cobalt. This is true with respect to 
both tho constant n, the coefficient for 0°, and the increment per 
degree, 26, of the general expression for tho coefficient at any tempora-, 
ture t, a « a + 2 bt. The difference is consequently one which augments 
with tho temperature; at 0" it amounts to 3*2 per cent., while at 120% 
the upper limit of the temperatures of the observations, it attains 4*5 
por cont. Similar rules apply naturally to tho cubical coefficients. 
The metal possessing the slightly lower atomic weight, nickel, is thus 
found to expand to a greater extent than the metal, cobalt, which is 
endowed with the higher atomic weight. 

• 1 Phil. Tran*./ A, vol 191, p* 313 j * fioy. See. Proe.,' vol. 38, p. 208. 
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“ On the Presenco of two Venmform Nuclei in tlio Fertilised 
Embryo-sac of Ltliutn Martagon? By Ethki, Sauham*. Com¬ 
municated by Ur. 1) H. ^cott, FILS Heceive<l April 28, — 
Read May 4, 1899. 

In a communication to tho Russian Scientific Congress, *hich mot 
at Kioff, last summer, Professoi S. Nawjihchm summarised the brilliant 
results of his recent work on the fertilised embryo-sac of Ltlium Mar - 
tagmi and FiUillaiin tenella (August 30, 1898) The report of this 
paper, published m the ‘ Boianiaches Ccntralblatt 1 for January 4, 1899, 
iod Profossor L6on Guignard to contribute a short account of his hitherto 
unpublished researches on similar stages in tho hfo-hiatory of some 
species of Lilium ( L . martagon , L. ptfinunnnn, and others) to the Aca- 
d&nio des Sciences of Pans (April 4, 1899) 

Tho results thus obtained independently by two distinguished 
l>otanists are m pel feet accord, and present the greatest theoretical 
interest. They find that both tho male gonoiative nuclei on emerging 
from the pollen tube are elongated in shape, and that each is more or 
loss twisted on its own axis. The nuclei, in fact, appear to have l>een 
killed by tho fixative in tho act of spontaneous movemont within tho 
embryo-sac. M. Guignard compares this motion to that of a non* 
ciliated antherozoid.* The “ vermiform " Bhape can bo traced in the 
male nucleus for some time after it has joined the nucleus of tho 
ovum.t 

The most startling discovery, howovor, is that the second generative 
nucleus unites with the upper polar nucleus of the embryo-sac, and 
that both then fuse with tho lower polar nut lens. Thus the definitive 
nucleus of the ombryo-sac, which later on gives rise by repeated divi¬ 
sion to the endosperm nuclei, is formed by the coalescence of three 
nuclei of very different origin. One is the sister-nucleus of tho malo 
element in the fertilised ovum, another, the sister-nucleus of the 
female element > and the third has all the characters of a vegotativo 
nucleus. Professors Nawaschin and Guignard are m complete agree¬ 
ment as to these facts. M. Guignard adds that occasionally tho polar 
nuclei have united before the arrival of tho “ antherozoid," and gives 
a number of figures in which tho tnplo fusion is perfectly clear. 

I am fortunate enough to possess a few preparations from the fer¬ 
tilised embryo-sac of Ldium Markigon, which, so far as they go, com¬ 
pletely confirm the results of Professors Nawaschin and Guignard. 
The material was fixed in absolute alcohol for researches which were 
never even begun, but I cut a few hand soctions from it immediately 

* Guignard, * Comptos Rendus,’ April 4,1890, p. 3 of the separate copy, 
t Guignard, foe. mt, p. 6 and flga. 8—6, 7—11. 
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after fixing, to make sure that it really contained fertilised embryo-sacs. 
Fourteen sections were kept, all of them stained with methyl green 
and acid fuchsin. As this, though a brilliant, is rather a diffuse stain, 
I have lately re-stained eight of the preparations with Renault’s hema¬ 
toxylin and eosin, which gives more precise results. 

None of these preparations show the vermiform nuclei free in the 
embryo-sac. In eveiy case conjugation has already taken place; the 
male nucleus is applied to the female nucleus in the micropylar end of 
tho embryo-sac, and the second generative nucleus is applied to both 
polar nuclei In one case only the two polar nuclei aro not in contact. 
Tho much elongated “ antherozoid ” unites them like a bridge, one end 
in contact with tho lower, the other end coiled round the upper 
nucleus (fig. 1, r.») 


mtcropyl r 



Excluding all doubtful cases, eight embryo-sacs show the male and 
female nuclei not yet fused but in contact. In six of these the male 
nucleus is more or less elongated. It may be distinctly coiled (fig. 1, ^.n), 
or merely horse-shoe or kidney-shaped, and commonly lies on the upper 
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or lower side of the much larger female nucleus. (See Guignard’a 
figs. 3, 4, 8, and 10.) In two cases the malo nuclei is rounded, or 
but slightly elongated. 

Eight embryo-sacs show the polar nuclei near tho centre. In five 
cases tho mass is clearly made up of three nuclei, and tho generative 
nucleus is distinguished fiom the other two by its irregular shape, tho 
differentiation of a slender chromatic ribbon, and by the absence of a 
nucleolus. In three embryo-sacs two resting nuclei are applied to 
each other near tho centre. 

The pollen tube is veiy clear in soveral preparations, and it com¬ 
monly contains two small nuclei, stained green, and of irregular shApe. 
Since both generative nuclei are accounted for, those aro probably duo 
to division of the vegetative nucleus. 


May 18, 1899. 

Tho LORD LISTER, F.R.C S, D.C.L , President, m the Chair. 

A List of the Presents received was bud on the table, and thanks 
ordered for them 

Tho Bakorian Lecture, on “ Tho Crystalline Structure of Metals,” 
was delivered by Professor Ewing, F R S , and Mr. \V. Ronenhain. 

The following Papers wero read :— 

I “Tho Yellow Colouring Matters accompanying Chlorophyll, and 
their Spectroscopic Relations.” By C. A ScHUNCK. Com¬ 
municated by Dr. SoiiuxcK, F R S 

II. “The Diffusion of Ions into Gases.” By J. S. Townsend. Com¬ 
municated by Professor J. »L Thomson, F.R.S. 

III. “ The Diurnal Range of Rain at the seven Observatorioa m connec¬ 
tion with the Meteorological Office, 1871—1890.” By Dr. 
R. 1L Scott, F.R S. 

The Society adjourned ovor the Whitsuntide Recess to Thursday> 
June 1. 


VOl * IrXV. 
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“ On a Self-recovering Coherer and the Study of the Cohering 
Action of different Metals” By Jagadis CliUNDER Bose, 
M A, D.Sc, Professor of Physical Science, Presidency College, 
Calcutta Communicated by Loud Rayleigh, F.R.S. Re¬ 
ceived Marcli G,—Road April 27, 1899. 

In working with coherers, made of iron or stool, some special diffi¬ 
culties are encountered in the warm and damp climato of Bengal. The 
surface of the metals soon gets oxidised, and this is attended with 
variation of sensitiveness of coherer. Tho sensitiveness, it is true, 
docs not altogether disappear, but it undergoes a considerable diminu¬ 
tion. The presence of excessive moisture in the atmosphere introduces 
another difficulty. Substances to be experimented on become more or 
less opaque by absorption of water vapour. As fairly dry weather 
lasts m Bengal only for a few weeks in winter, tho difficulties alluded 
to al>ovo are for the greater part of the year serious drawbacks in 
carrying out delicate expenmonts. To avoid as far as possible the 
partial loss of sensibility of tho receiver due to oxidation, I tried to 
use metals less oxulisable than iron for tho construction of tho coherer 
In my earlier experiments I derived considerable advantage by coating 
tho steel spirals with deposits of various metals. Finding that the 
sensitiveness depends on the coating metal and not on the substratum, 
I used m my later expeuments fine silver thicads wound in narrow 
spirals. They wero then coated with cobalt in an olcctrolytic bath. 
Tho coating of cobalt was at first apt to strip off, but with a suitable 
modification of tho electrolyte and a propor adjustment of tho current, 
a deposit was obtained which was very coherent. The contact surface 
of cobalt was found to bo highly sensitive to electric radiation, and the 
surfaco is not liable to such chemical changes as are experienced in tho 
case of steel 

I next prococdcd to make a systematic study of tho action of dif¬ 
ferent metals as regards their cohering properties. In a previous 
paper* I enumerated the conditions which are favourable for making 
the coherer sensitive to electric radiation. Those are tho proper 
adjustment of the E.M.F. and presauro of contact suitable for each 
particular receiver. The E.M.F. is adjusted by a potentiometer slide. 
For very delicate adjustments of pressure I used in some of the fol¬ 
lowing experiments an U-tube filled with mercury, with a plunger in 
one of tho limbs ; various substances wero adjusted to touch barely the 
mercury in tho other limb. A thin rod, acting as a plunger, was made 
to dip to a more or less extent in the mercury by a slide arrangement. 
In this way the mercury displaced was made to make contact with the 

* 11 On Polarisation of Electrio Ray/’ * Journal of Asiatic Society of Bengal 
Hay, 1896. 
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given metal with gradually increasing pressure, this increase of pres¬ 
sure being capable of the finest adjustments. The circuit was com¬ 
pleted through the metal and mercury. Sometimes the variation of 
pressure was produced by a pressure bulb. In the arrangement 
described above the contact is between different metals and mercury— 
metals which were even amalgamated by mercury still exhibited 
sensitiveness to electric radiation when the amalgamation did not pro¬ 
ceed too far. In this way I was able to detect the cohering action of 
many conductors, including carbon. For studying the contactrsenbitive- 
ness of similar motals I made an iron float on which was soldered a 
split-tube in which the given nietal could bo fixed, a similar piece of 
metal being adjusted above the float, so that by working the plunger 
or the pressure bulb the two metals could be brought into contact with 
graduated pressure. The other arrangements adopted wore the contact 
of spirals compressed by micrometer screw, and filings similarly com¬ 
pressed between two electrodes 

With the arrangement described above the action of radiation on 
metallic contacts was studied, a bncf account of which will bo given 
under their respective groupings. It may hero bo mentioned that 
certain metals which do not usually show any contact-sensitivcncss can 
be made to exhibit it by very careful manipulation Tho nature of the 
response of a coherer is to ,a certain extent modified by its condition 
and pirticular adjustment A coherer freshly made is more difficult to 
adjust, but at tho same timo far more sensitive The action is moro 
easily under control and more consistent after a few days* rest, but the 
sensitiveness is not so abnormally great. The contacts of bright and 
clear surfaces aie difficult to adjust, but such contacts are more sensi¬ 
tive thaii those made by tarnished surfaces. Pressure and E.M.F., as 
previously stated, also modify the reaction. For example, a freshly 
made and very delicately adjusted coherer subjected to slight pressure 
and small E M F. showed an increase of resistance by the action of 
radiation. The galvanometer spot, after a short interval, resumed its 
former position, exhibiting a recovery from the effect of radiation. 
The coherer continued to exhibit this effect for some time, then it 
relapsed into the moro stable condition in which a diminution of 
resistance is produced by the action of radiation. Another coherer 
was found apparently irresponsive to radiation, there being the merest 
throb (sometimes even this was wanting) in the galvanometer spot, 
when a flash of radiation fell on the receiver. Thinking that this 
apparent immobility of tho galvanometer spot may be due to response, 
followed by instantaneous recovery, the galvanometer needle being 
subjected to opposite impulses in rapid succession, I interposed a tele¬ 
phone in the circuit; each time a flash of radiation fell on the receiver 
the telephone soiuided, no tapping being necessary to restore the sensi¬ 
tiveness. The recovery was here automatic and rapid. After twenty 

O 2 
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or thirty flashes, however, the receiver lost its power of automatic 
recovery, and the sensitiveness had then to bo restored by tapping. 
An interesting observation was made to the effect that on the last occa¬ 
sion the receiver responded without provious tapping, a rumbling noise' 
was heard in the telephone which lasted for ft short time, evidently due 
to the re-arrangemcnt of the surface molecules to a more stable condi¬ 
tion, after which the power of self-recovery was lost 
The state of sensibility described above is moro or less transitory, 
and is induced, generally speaking, by a somewhat unstable contact 
and low E M.F acting in the circuit In the majority of metals, the 
normal tendency 18 towards a diminution of contact resistance by the 
actum of electnc waves The occasional increase of resistance, in 
general, disappears when the pressure and E.M.F. aro increased. But 
m the case to l>e presently described we have an interesting exception, 
where the normal state of things is just the reverse of what prevails in 
the majority of metals. 

Allah Metals 

In the following investigations the radiator is a platinum sphere 
9*7 mm. in diameter. The coheicr was placed at a short distance, so 
that the intensity ot incident radiation was fan ly strong. 

Pulmsmuu —In working with this metal, tho exceptional natiuo of 
the roaction became at once evident. The effect of radiation w«os to 
pioduce an macaw of resistance The pressure of contact was adjusted 
till a current flowed through the galvanometer, the galvanometer spot 
of light being at one end of the scale. On subjecting the receiver to- 
radiation the spot of light was deflected to the opposite end, exhibiting 
a gloat mciease of resistance. When the pressure and EMF, were 
suitably adjusted a condition was soon attained, when a flash of 
radiation made tho spot of light swung energetically m one direction, 
indicating an morose of resistance* tho roceivor, how r evor, recovered 
installtanoously with tho cessation ot radiation, and the spot violently 
swung back to the opposite end, indicating the normal current that 
flows m the circuit This condition was found to persist, the receiver 
uniformly responding with an increase of rosistanco followed by auto¬ 
matic and instantaneous recovery. To prevent oxidation, tho receiver 
was kept immersed m kerosene. When the receiver was lifted from 
the protecting bath, it still continued to respond with an increase of 
resistance, but with a giadual loss of power of automatic recovery. 
This power was agam restored on again immersing tho coherer in 
kerosene. Tho receiver in vacuo, or under reduced hydrogon pressure, 
would have been preferred, had the necessary appliances been available. 

Sodium ,—As wo pass from potassium to the neighbouring metals, 
thoro is a gradual transition of property as rogards the nature of 
response to electric waves. With sodium the adjustment is a little 
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more difficult than with potassium, but the response is somewhat 
similar to that of potassium. Though in general there is an increase 
of resistance produced by electric radiation, thcio are occasional excep¬ 
tions when a diminution of resistance is produced. With some trouble 
the adjustment could bo made so that the recovery is also automatic, 
but it is not so energetic as in the case of potassium 

Lithium .—Specimens of this metal not being available, I obtained a 
deposit of it on iron electrodes by clcctiolysis of the fused chloride. 
The action produced by electric radiation was sometimes an increase 
and sometimes a diminution of resistance, the increase of resistance 
being the more frequent. With some difficulty it was possible to 
adjust the sensitiveness so that the recovery was automatic, but it was 
not energetic nor did this power pcisist for a long time. 

Metals of the Mhihne Eatth 

Pure metals of this group being not available, I had to rely on the 
deposit obtained by electrolysis Chloride of calcium Wiis fused m a 
ciucible, and deposits weie produced on non cathodes, the anode lieing 
a carbon rod. The deposit was not very oven. One of the iron rods 
with the deposit was tested by immersion under water, when hydrogen 
was evolved I did not succeed in gotting deposits of cither barium or 
strontium, the temperature available not being sufficiently high. 

On making a coherer with calcium, and keeping it immersod in 
kerosene, an action similar to that produced by sodium was obsorvod. 
The tendency of self-recovery was, howover, very slight. 

Maynesium, Ziw\ and Cadmvm % 

In these metals and m the succeeding groups there is a pronounced 
tendency towards a diminution of resistance by the action of electric 
radiation. Magnesium being easily oxidisablo, there is a thm coating 
■of oxide on the surface. When this is scraped, the metal makes a very 
highly sensitive receiver. Tho adjustment is not difficult, the metal 
allowing a considerable latitude of pressure and E.M.F. It has 
already been stated that tho metals which are slightly tarnished can 
be more easily adjusted. 

Though there is m this metal a decided tendency towards a reduction 
of contact resistance, yet it is possible by careful adjustment to obtain 
-an increase of resistance. Indeed it is sometimes possible to so adjust 
matters that one flash of radiation produces a diminution of resistance, 
and the very next flash an increase of resistance. Thus a aories of 
flashes may be made to produce alternate throws of the galvanometer 
needle. The more stable adjustment, however, gives a diminution of 
resistance, and receivers made with this metal could be made extremely 
•sensitive. The tendency towards recovery is almost wanting. 
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Zinc. —This metal also exhibits moderate sensitiveness; it, however, 
requires a more careful adjustment. 

Cadmium .—The action of this metal is somewhat similar to that of 
zinc, but the sensitiveness is very much loss. 


Bismuth and Antimony . 

Both bismuth and antimony mako very sensitive receivers. Mode¬ 
rately small E M.F. with slight pressure is best suited for these motals. 

Bon and the Allied Metals 

Lon .—Tho action of this metal is well known. In one of my experi¬ 
ments I used it m connection with mercury. When tho contact is 
very lightly made, there is a tendency towards an increase of resistance 
by the action of radiation. But after a time the action bocarno normal, 
that is to say, there was a diminution of resistance. 

Nickel and Cohalt. —Those are also very sensitive. Tho surface being 
bright, the E.M.F. and pressure are to bo adjusted with somo care. 

Manganese and Ch annum —Those weio obtained m the form of 
powder. Their action is similar to the other metals of this group 

Aluminium. —This also makes a sensitive receiver. 


Tin, Lead , and Thallium. 

It is somewhat difficult to adjust tin , but when this is done the metal 
exhibits fair sensitiveness. Lead is also sensitive. Tho sensitiveness 
of thallium is only moderato 

Molybdenum and Uranium. 

The spociraen obtained was in the form of powder, and very tar- 
nishod in appearance. The sensitiveness exhibited was slight.. 


Metals of the Platinum Gioup. 

Platinum exhibited a moderato amount of sensitiveness. Spongy 
platinum also showed the same action. The absorption of hydrogen 
made the action slightly better, but the improvement was not very 
marked. 

Palladium .—This made a more sensitive coherer than platinum- 
The adjustment is, however, more troublesome. 

Osmium .—The specimen was in tho form of powder. It requires a 
higher E.M.F. to bring it to a sensitive condition. The sensitiveness, 
was moderate. 

Rhodium was found to be more sensitive than osmium. 
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Copper^ Gold, and Stlvei. 

Copper required a much smallor E.M.F. The sensitiveness was only 
moderate. 

Gold was more difficult to adjust, but the action is a little stronger. 

Silver .—The receiver wh 3 extremely unstable. It exhibited some¬ 
times a diminution and at other times an increase of resistance. 

It will bo seen from the above that all metals oxhibit contact sensi¬ 
tiveness to oloctnc radiation, the general tendency being towards a 
diminution of resistance. 

The most interesting and typically exceptional case, howevei, is the 
receiver made with potassium, which not only exhibits an mcroaso of 
resistance by the action of radiation, but also a remarkable power of 
self-recovery In the accidental instances of increase of resistance 
exhibited by other metals, an increase of pressure 01 K.M.F. generally 
brought the coherer to the normal condition, which showed a diminu¬ 
tion of contact loaistanco by the action of electric waves. With potas¬ 
sium I gradually increased the pi essure till the receiver grew insensi¬ 
tive. All along it indicated an increase of resistance, even when one 
piece was partially flattened against tho other I increased tho E.M.F. 
many times tho normal value, this mcroaso (till tho limit of sensitive¬ 
ness was reached) rather augmented the sensibility and power of auto¬ 
matic recovery. I allowed tho receiver a period of rest, the nature 
of response remaining the same. As far as I have tried, potassium 
receivers always gave an increase of resistance, a property which seems 
to bo characteristic of this metal, and to a less extent, of the allied 
metals. 

It will thus be seen that the action of potassium receiver is not, 
strictly speaking, a cohering one. For it is difficult to see how a 
cohering action and consequent bettor contact could produce an in¬ 
crease of resistance. It may bo thought that tho sudden incroaso of 
current may, by something like a Trovolyan rocker action, produce an 
interruption of contact. But such a supposition does not explain tho 
instantaneous action, and the equally instantaneous recovery. 

In arranging the metals according to their property of change of 
contact resistance, I was struck by tho similarity of action of electric 
radiation on potassium in increasing tho contact resistance, and the 
checking action of visible radiation on the spark discharge. In the 
latter case too potasiura is also photo-electrically the most sensitive. 
But the action is confined to visible radiation, and is most efficient in 
the ultra-violet region. I was indeed apprehensive that the action on 
potassium receiver which I observod might be in some way due to the 
ultra-violet radiation of the oscillatory spark. But this misgiving was 
put to rest from the consideration that the receiver was placed in a 
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glass vossel filled with keroseno, through which no ultra-violet light 
could have been transmitted. To put the matter to final tc^jb, I lighted a 
magnesium wire m close proximity to the receiver without producing 
any effect Thick blocks of wood of el>omtc and of pitch were inter¬ 
posed without checking the action I then used polarised electric 
radiation, and interposed a book analyzer, 6 cm. m thickness; when 
the analyzer was held parallel, there was a vigorous action, but when 
it was held in a crossed position all action was stopped. No visible or 
heat radiation could ha\obcon transmitted through such a structure, 
and there can be no doubt that the action was entirely due to electric 
radiation. 

It would be interesting to investigate whether the observed action 
of electric radiation on a potassium receiver is in any way analogous 
to the photo-electric action of visible light. I have commenced an in¬ 
vestigation on this subject, the results of which I hope to communicate 
on another occasion. 


Bakebian Lectuhe— “Tho Crystalline Structuro of Metals.” By 
.1, A. Ewing, F.RK., Professor of Mechanism and Applied 
Mechanics in the University of Cambridge, and W. ItosEN- 
IIAIN, 1851 Exhibition Research Scholar, Melbourne Univer¬ 
sity. Delivered May 18, 1890 

(Abstract.) 

In a previous communication, read to the Society on March 16, a 
preliminary account was given of some of tho results the authors had 
arrived at in studying metals by the microscopic methods initiated by 
Sorby, and pursued by Andrews, Arnold, Behrens, Charpy, Osmond, 
Roberts-Auston, Stead, and others The present paper deals with a 
development and extension of the same woik. It relates chiefly, 
though not exclusively, to tho effects of strain, and the relation of 
plasticity to crystalline structure. 

It is woll known that the etching of a polished surface of metal 
roveals, m general, a structure consisting of irregularly shaped grains, 
with clearly marked lioundaries. Each grain is a crystal, the growth 
of which has been arrested by its meeting with neighbouring grains. 
This view, as Mr. Stead has pointed out, is strongly supported by the 
appearance of tho etched surface under oblique illumination, when the 
several grains are seen to reflect light in a way which is consistent only 
with the idea that on each there is a multitude of facets with a definite 
orientation, constant over any one gram, but different from grain to 
grain. The formation of such a structure is well exhibited, on a rela¬ 
tively enormous scale on the inner surface of a cake of solidifying 
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bismuth, from which the still molten metal has been poured away. 
Another striking example of this structure is seen m steel containing 
about per cent, of silicon. The fiactured ingot of this material 
exhibits large crystals, and by deeply otching a polished surface 
Mr. Stead has obtained a beautiful development of tho regularly 
oriented elements of which the crystalline grams are built up* on a 
scale so large as to require but little magnification 

Tho authors have obtained much evidence that this structure is 
typical of metals generally Probably under no condition does any 
metal cease to be crystalline. 

The crystalline character of wroiight-iron bars or plates is seen when 
the polishod suifaco is etched, not merely by the general appearance of 
the grams under oblique light, but by tho development of geometrical 
pits on the surface. These pits have a definito orientation over each 
grain, and tho orientation changes from one gram to another. Usually 
m tho purest commercial iron their outline is that of plane sections of 
a cube, but occasionally they are apparently plane sections of an octa¬ 
hedron. In some instances isolated and compai ativcly large pits only 
are seen, in others nearly the whole smface of a gram, when viewed 
under a magnification of 1000 or 2000 diameters, is found to be 
covered with small as well as large pits, geometrically similar and simi¬ 
larly orientod. Photographs of these are given in the paper. 

For the purpose of pioducing smooth surfaces m the more fusible 
metals, without polishing, the metal was poured in a molten state on a 
plate of smooth glass. The mu face pioducod m this way shows well 
tho boundaries between the grams, and in some cases it also exhibits 
the crystalline character of tho grains in a lemarkablo way by moans 
of geometrical pits, which are apparently formed on tho surface m con¬ 
sequence of the presence of small bubbles of air or, more probably, of 
gas given out from the metal itself during solidification. Cadmium 
shows these particularly well, and they are to be observed also in tin and 
zinc. These air-pits are seen, under 1000 diameters, to be negative 
crystals, similar and similarly oriented on each grain, and, in cadmium, 
to have outlines which suggest that they are sections of hexagonal 
prisms. Thoir character istics are exhibited in the photographs, which 
also show how the boundaries between tho grains are emphasised by 
the collection there of air or of gas given off by the metal during 
solidification. The true boundary is meiely the trace of a surface on 
a plane, but it may bo broadened out in this way into a wide shallow 
channel. 

The effects of strain have boen examined in many metals, using sur¬ 
faces prepared either by polishing or by casting against a smooth plate. 
When any metal is strained beyond its elastic limit in any way, the 
surface of each crystalline grain becomes marked by one or more 
* * Journal of the Iron and Steel Institute/ 1898. 
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systems of lines running in a generally straight and parallel fashion 
over it. The direction of the parallel lines changes from grain to 
grain. Thus those lines serve to mark out one grain from another in 
a metal which, although polished before straining, has not been etched 
to develop tho boundaries. As straining proceeds, the linos become 
more and more numerous and emphatic, and two, throe, or four 
systems appear on each grain. 

Tho nature of those lines h*vs been described in the authors* paper of 
March 16 They are slips along cleavage or gliding planes in the 
crystals. The effect of each slip is to develop a step on the polished 
face. Tho short inclined surface forming this step looks black under 
vertical illumination, but shmea out brightly when oblique light of 
a suitable moidenco is used These slip bands, as they wore named in 
the previous paper, are thus seen as narrow dark or bright bands, 
accordingly to the nature of the lighting. 

Tho authors have developed slip-bands in iron, copper, gold, silver, 
platinum, lead, tin, bismuth, cadmium, aluminium, nickel, as well as 
steel, brass, gun-metal, and various other alloys. So far as tho observa¬ 
tions go, they occur in all metals. 

Tho slip-bands are in themselves an evidenco of crystalline structure, 
and, further, they show how such a structure is consistent with plas¬ 
ticity, and how it persists after plastic strain h<vs occuired. The 
“flow” or non-claetic strain of a metal occurs through numerous finite 
slips taking place on the cleavage or gliding surfaces m each of the 
crystalline grains of which the metal is an aggregate. The elementary 
pieces which slip on one another retain their primitive crystalline 
character. 

Further, if tho movement of the pieces with respect to each other 
in any one grain is a movement of translation only, their orientation 
should remain uniform m each gram. 

That this is actually the case is demonstrated by examining speci¬ 
mens of metal which had been violently deformed without any subse¬ 
quent annealing or heating. In metal that has been rolled or hammered 
in the cold state, or deformed by tension or compression or strain of 
any kind, howover severely, the grains are still seen where a surface is 
polished and etched. Their form is much changed by the strain which 
tho piece has undergono. But the fact that they have rotained their 
crystalline structure is demonstrated when, after polishing, tho piece 
is subjected to a slight additional strain of any kind, for the effect of 
this additional strain is to develop slips of the same general character 
as before. Further evidence to the same effect is given by the fact 
that etching the polished surface of a very severely strained piece 
develops geometrical pits, which are similar and similarly oriented 
over the face of each grain, notwithstanding the great distortion which 
the grain has^ suffered as a whole. The effects of oblique lighting in 
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metal whioh is polished and etched after severe straining are referred 
to as illustrating the same point. The persistence of crystalline struc¬ 
ture is demonstrated by micro-photographs of the section of a bar of 
Swedish iron which had boon rolled cold from a diameter of f inch to 
a diameter of \ inch without subsequent heating. The outline of the 
grains is much distorted, but the oriontation of tho crystalline ele¬ 
ments remains constant within each individual gram. 

The slips in mo tala which exhibit a cubical crystalline structure on 
etching are m some instances parallel to the faces of the cubes, and are 
very frequently inclmod to tho fares, apparently along the octahedral 
planes. Stepped lines are frequently seen, and also linos which appear 
curved probably in conHcquonco of numerous steps which are unre¬ 
solved even under the highest powers In exceedingly plastic metals 
such as lead, copper, and gold, the linos aro particularly straight. A 
piece of lead cast against glass to produce a smooth surface gives, 
when slightly strained, a splendid display of slip-bands, and the 
boundaries of the grains are sharply defined by tho meeting of the 
linos on one gram with those on its neighbours Another way to get 
a clear lead surfaco for the purposo of showing slip-bands is to press a 
freshly cut piece of tho metal with considerable force against a smooth 
object. Photographs of slip-bands in iron, gold, silvor, load, copper, 
and other metals aro given in the paper. 

When a motal is fractured tho grains do not as a rule part company 
at their boundaries, but split along cleavage surfaces. It is to this that 
the crystalline appearance, obvious in many fiacturos, is due. 

In several metals tho authors find that “ twinning ” takes place in 
the crystalline structure as an effect of strain. Samples of copper, 
which in tho original cast state gave no ovidenco of the existence of 
twin crystals, wore hammered or otherwise wrought, and were then 
found to be full of twins Tho twinning producod in this way sur- 
vived after the wrought copper had been raised to a red heat and 
allowed to cool. Similar results wero obtained in gold and in silver ; 
the metal in the cast state did not show twins, but they were found 
after the metal had been wrought and subsequently softened by 
annealing. An oxample of twinning was observed in nickel after the 
application of a somewhat severe strain. Twins wero readily developed 
in cadmium by strain, apparently as a result of the slight strain which 
was applied for the purpose of developing slip bands They were also 
found m lead, zinc, and tin, either as a primitive feature in the crystal¬ 
lisation or produced by straining. The twinning frequently takes tho 
form of a largo number of parallel bands within a single grain, and a 
twin band due to strain in one grain is sometimes associated with a 
twin band in neighbouring grains, the bands being continuous except 
for a change in orientation in passing from grain to grain. 

Photographs of twin bands in copper, gold, lead, and other metals are 
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given, showing the twin twmds as rovealed by a cross-hatching of 
parallel slip linos, the sets of linos being parallel to one another in 
alternate hands of the twin. The twinning under strain which wo 
have observed in various metals is similar to that which is known to 
occur in calcitc. It may bo regarded as a result of slip accompanied 
by a definite and constant amount of rotation on tho part of the 
molecules 

From this point of view there are two modes in which plastic yield¬ 
ing occurs in a crystalline aggiegate One is by simple slips, where 
the movements of the crystalline elements are purely tianBlatory and 
their orientation is consequently preserved unchanged. Tho uthor is 
by twinning, whole rotation occurs through an angle which is the same 
for each molecule in the twinned group. Both modes aro often found 
not only in a singlo specimen of metal but in the same crystalline 
jjrain. 

At the suggestion of Measis Heycock and Neville, the authors 1 
examination of the effects of strain Inis been extended to certain 
eutectic alloys. The structure of such alloys has already been 
-described by Osmond, with whose observations those are in agreement. 
The alloy genoially exhibits rather large grams, the structure of which 
is very different from that of pure metals, for it consists of an intimate 
intornuxture of two constituents, one of which appears as separate or 
dendritic crystals on a field formed of the other constituent. The two 
Are seen forming an exceedingly minute and complex structure within 
each of tho huge grains of which the alloy is mado up Straining has 
the effoct of making this intimate structure more apparent, by causing 
slips which set up differences of level between pieces of one and the 
other constituent 

A study of the micro-structure of alloys suggests a possible explana¬ 
tion of the peculiarities they present in logard to variation of electrical 
conductivity with temperature. The two constituents may behave 
individually as puro metals in this respect, but if their coefficients of 
expansion are different the closeness of the joints between thorn will 
depend on the temperature. Thus if the more expansible metal exists 
as plates, or separate pieces of any form within the other, the effect of 
heating will bo to make the joints between the two conduct more 
readily, with the result of reducing the increase of resistance to which 
heating would otherwise give rise, and in extreme cases with the effect 
even of producing a negative temperature coefficient. The high 
resistance of alloys generally may be ascribed to the large number of 
joints across which tho current has to pass 

In casting motals against glass and other smooth bodies for the 
purpose of getting a surface fit for microscopical examination, a surface 
is occasionally produced which not only shows the true boundaries be¬ 
tween the crystalline grains, but also additional markings which simulate 
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boundaries in a very curious manner. These psoudo-ljoundaries are 1 
often polygonal in form, like the real boundaries, and havo an intimate 
geometrical association with them. Under low powers they are in 
some instances difficult to distinguish from true boundaries; but the 
distinction is apparent under high powers, and it becomes obvious as 
soon as slip-bands are developed by the straining of the metal The 
pseudo-boundaries are found to consist m small variations of level 
in the surface of the grains m which they occur. Their form suggosts that 
they are projections upon the surface of real edges below. They occur 
very conspicuously in cadmium, especially when it is cast on a cold 
surface, and less conspicuously in zinc It is probable that in the 
strain set up by unequal cooling after the metal has solidified, the lower 
edges of the eiystalliue giams pi eject a sort of image of themselves on 
the surface by slips, or possibly by narrow bands of twinning. Tho 
effect resembles that of a Japanese “ magic ” mirror, in which slight 
inequalities of the surface, corresponding to a pattern behind, cause 
light reflected from the mirror to produce an image in which a ghost of 
the pattern may be traced. 

The authors regard their experiments as establishing the conclusion 
briefly stated in their previous paper, to tho effect that the plasticity of 
metals is due to the sliding over one another of tho crystalline elements 
composing each grain, without change* in their orientation within each 
grain, except in so far as such change may occur through twinning. 


'‘The Yellow Colouring Matters accompanying Chlnrophj 11, and 
their Spectroscopic delations” By C A Schunck Com¬ 
municated by Edward Schdnck, FllS. Received April 20, 
—Head May 18, 1809. 

[Vlatk^O ] 

Tho yellow colouring matters dealt with arc those accompanying 
chlorophyll m healthy green leaves and which aro extracted along with 
it by means of boiling alcohol. 

This group of yellow colouring matters is generally known by the 
name xanthophyll, a term first used by Berzelius, who was the first 
observer to express the bolief that a yellow colouring matter pre-exists 
along with the green co ] ouring matter in alcoholic oxtracts of green 
leaves. The subject has subsequently receivod tho attention of many 
investigators—Fremy, Michels, Mi Harriot, Muller, Tinisnaseff, Ger- 
land, Raunonhoff, Askenasy, Stokos, Sorby, Tachirch, Kraus, Filhol, 
Hansen, and Schunck. The principal results arrived at by these 
investigators are as follows:—Filhol noticed that by treating crude 
alcoholic chlorophyll solutions with animal charcoal it is possible to 
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remove the green constituent of the mixture when a yellow coloured 
solution remains, the colour of which he believes is evidently due to a 
pre-existing colouring matter or matters associated with tho green one. 
Kraus—to whom wo are indebted for a most elaborate study of the 
physical properties of the yellow constituent of crude chlorophyll 
solutions—confirmed the observations of Filhol, and added a nmnbor 
of new ones which load, according to him, to an explanation of the 
absorption spectrum of crude chlorophyll solutions which has hitherto 
been universally accepted as the correct one. The author used 
amongst other methods, for tho purpose of separating the yellow 
colouring matters from tho green, their different solubility m alcohol 
and benzol or, correctly speaking, benzoline. An alcoholic solution of 
chlorophyll, treated with benzoline, retains, according to him, the yellow 
colouring matter or mixture of colouring mattors, while tho benzoline 
takes up the gi oen constituent. By an investigation of tho spectro¬ 
scopic properties of these solutions, compared to the original one, 
Kraus arrived at the result that tho ordinary chlorophyll spectrum, 
which has been described with considerable accuracy already by 
Browstor, is a complex one, ? e , that some of tho absorption bands are 
duo to tho green constituent and some to tho yellow. The former, he 
says, is characterised by six bands, four of which (comprising the well- 
known chlorophyll spectrum) are situated between tho solar lines B 
ami E; tho fifth between F and G, and the sixth in front of G. Tho 
yellow constituent shows two bands, one at F or just bohind it, and 
tho second in front of G. These observations, according to Kraus, 
explain tho constitution of the spectrum of crude chlorophyll solutions, 
the first four bands of which being due solely to the groon constituent, 
the fifth to the yellow, and tho sixth to a combination of the sixth 
band of the green constituent and tho second of the yellow. The fifth 
band of the green constituent being vory faint, and situated between 
the fifth and sixth bands of the mixture, does not, according to him, 
appear at all. These explanations, howevor, as will be shown, are 
erroneous. 

Sorby using carbon bisulphide as tho separator in place of benzoline 
states that along with chlorophyll in the crude alcoholic extracts of 
the green leaves of the higher plants there are three accompanying 
yellow colouring matters prosent which ho names orange xanthophyll, 
xanthophyll, and yellow xanthophyll, each showing a couple of bands 
in slightly different positions in the more refrangible visible portion of 
the spectrum, but none in the less refrangible part, and also that 
there are other yellow colouring matters present, which he groups 
under the term lichnoxanthine, which obscure tho more refrangible 
portion but exhibit no bands. He also states that chlorophyll (the 
green constituent) of the higher plants is separable by the same means 
into two colouring matters which he terms u Blue Chlorophyll ” and 
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“Yellow Chlorophyll,” the former being the chief constituent, the 
latter being present in only a small relative quantity, and each give a 
aeries of bands situated throughout the visible portion of the spectrum, 

Hansen's method of isolating the yellow colouring matters is dif¬ 
ferent from those of the previous observers. He treats the alcoholic 
extracts of green leaves with caustic alkali, evaporates the liquor to 
dryness, and extracts from tho residue the yellow colouring matter by 
means of ether, the study of which lead him to l>ehevo that the yellow 
constituent shows only two bands. 

Schunck obtains from all crude alcoholic chlorophyll extracts minute 
bparkling rod crystals which are deposited on standing, and to which 
he has not applied a name, hut which he considers identical with the 
erythrophyll of Bougarcl and the chrysophyll of llartson. On dilution 
the yellow solutions of theso crystals gave two absorption bands in the 
more refrangible portion of the sjKictvum, but none in the less re¬ 
frangible, ami, though not in tho same positions as the similar bands 
(the fifth and sixth) shown by crude chlorophyll solutions, ho considers 
these lattor bands not due to chlorophyll but to an accompanying 
yellow colouring matter. 

Finally, Tschircli, who used Hansen’s method for separating the 
yellow from the green constituent, describes two yellow colouring 
matters, to which he gives the names xantho-carotin, showing three 
bands in the more refrangible part of tho spectrum and to which, 
according to him, tho bands in the blue and violet shown by crude 
chlorophyll solutions are duo, ami xanthophyll proper, which shows no 
bands whatever but only a total obseuiation in the violet region 

It will be aeon that tho results obtained by the various observers do 
not agree, and a renewed study of the yellow constituent of crude 
chlorophyll solutions appeared to bo desirable. My own results differ in 
many respects from tho hitherto generally accepted ones, they relate not 
only to the physical nature of the yellow colouring matters in question, 
but also enable us to characterise chlorophyll proper in a different 
manner than ivas possible before. The preparation of pure chlorophyll 
seems to baffle all attempts, but so far tho physical properties of this 
substance, tho knowledgo of winch would guide an experimenter in 
reaching tho goal have, as it proves, not been known with sufficient 
completeness. 

I will now give the results of the experiments I have made, in the 
endeavour to separate these yellow colouring matters from the accom¬ 
panying chlorophyll, dealing mure especially with thoir spectroscopic 
relations as compared to those of chlorophyll m the violet and ultra¬ 
violet region of the spectrum investigated by aid of photography_a 

means which, with the exception of Tschirch, former observers have 
not applied—and by which moans I have been able to ascertain one or 
two new facts, and have, I think, been able to clear up the much 
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debated point whether the absoi ption bands in the violet and ultra¬ 
violet region shown by crude chlorophyll solutions are due to chlo¬ 
rophyll itself or to the accompanying yellow colouring matters. 

The chlorophyll solutions experimented upon were obtained in the 
usual manner by extracting the colouring matter from the leaves with 
boiling alcohol. I have already shown* that chlorophyll solutions pre¬ 
pared in this way show three characteristic alworption hands on proper 
dilution, m the violet region of the spectrum, giving in the less 
refrangible region the well-known spectrum of four bands which in 
very pure solutions may be said to be reduced to three, so famt does- 
the fourth band appear 

If the extracts are concentiatod enough one finds invariably on 
standing for a day or so minute sparkling red crystals deposited on 
the sides of the containing vessel or along with tho fatty deposit, 
coloured groon by chlorophyll, which generally comes out of the extracts 
on standing These crystals are found m variable quantities, but 
more often than not m a minute quantity 

This is tho first yellow colouring matter one comes across and is the- 
eiythrophyll of Bougaiol, and tho chrysophyll of Hartscn and 
Schunck.f That chrysophyll is always to 1>o found ill chlorophyll 
solutions proves thno either it pre-exists as such along with chloro¬ 
phyll in its alcoholic extracts, or that it is formed spontaneously 
from one of the colouring matters, and is not, according to Han«en4 
formed under certain conditions only by the decomposition of a deri¬ 
vative. Chrysophyll thus obtained is not a very stable substance, and 
in order to preserve it unchanged it should be placed in a glass tube- 
through which a current of hydrogen has been passed before sealing, 
and kept in the dark Its alcoholic solutions are bleachod rapidly 
when exposed to the air and sunlight, and even when kept in the 
dark a change very soon takes place in its solutions as shown by its 
spectrum, though there is no apparent change in colour. According 
to Arnaudg it is identical with carotin. Chrysophyll gives no absorp¬ 
tion bands in tho red, yellow, or green, but threo very distinctive 
bands in the violet region of the spectrum which, as I have shown,|| 
are almost identical in position with thoso of carotin They (Plate 6,. 
fig 5) occupy intermediate positions compared to the throe bands 
shown by crude chlorophyll solutions in the same region, being shifted 
more towards the red end of tho spoctrum. 

Tho method I havo applied for separating tho other accompanying 
yellow colouring matters from tho chlorophyll is that of treating the 

# 1 Roy. Soc. Proc / vol. 63, p 3D3, 
t ‘Roy Soo Proo / rol 41, p. 440 
J Farlwfcoffc dos Chlorophyll**/ 1889, p. 68. 

$ * i|ompfc. Rend./ vol. 10 2, p. 1119, and vol. 104, p. 1293. 

|| * H|py. Soo. Proc./ vol. 63, p. 893. 
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crude alcoholic extracts with an excess of animal charcoal in the cold 
for about an hour, which removes all the chlorophyll and leaves a 
yellow solution, which gives no absorption bands in the red, yellow, or 
green, but four distinctive Kinds Mtnatod in the violet and ultra-violet 
region of the spectrum. The prolonged action of animal charcoal has 
the effect of ultimately absorbing all the colouring matters, leaving the 
solution colourless By this means the yellow colouring matters can 
be obtained free from chlorophyll, but I have not been able to recover 
the latter from the animal charcoal This was tried by boiling the 
charcoal with ether, the result being a greenish yellow solution, giving 
the four hands in the Mulct as hcfoic, hut, in addition, a faint hand in 
the red, showing that it consisted of a pm turn of the yellow colouring 
matters which had hoen absorbed by the charcoal together with a trace 
of chlorophyll which caused the greenish colour, and the faint band in 
the rod region of the spcctium. 

Yellow solutions obtained in this way from some chloiophyll 
extracts—which, when fleshly picpaicd, show signs of decomposition, 
viz., the fourth band m the Msiblc region of the spectrum darker 
and the third faintez—show only the first two or three bands in the 
violet region, the icst of the Molet and ultra violet being obscured. 
In such cases asepaiation can be effected by ether, the yellow colouring 
matter causing tho obscuration remaining m the alcoholic portion, the 
yellow r ethereal portion now' showing the four-handed spectrum as 
before This colouring matter causing obscuration no doubt l>elongs 
to tho behnoxanthine group of Sorby,* and corresponds to tho so- 
called xanthophyll of Tschirch t These yellow solutions deposit on 
spontaneous evaporation an amorphous substance impregnated with 
much fatty matter, which so far I have failed to remove and have been 
unable to get in a crystalline form. It w insoluble m water, but easily 
soluble in alcohol and ether, giving as before the distinctive spectrum 
of four absorption bands in the violet and ultra-violet, hut no bands in 
the rod, yellow, or green ; these bands, with tho exception of tho first, 
which is almost if not quito identical in position w'ith tho first band 
shown by crude chlorophyll solutions in the violet region, are m distinctly 
different positions to tho two remaining chlorophyll bands, or tho throe 
duo to chrysophyll (figs. 1 to 5). It appears to be much more stable 
than chlorophyll, resisting tho action of light and air to a greater 
extent; even from crude chlorophyll solutions which have boon kept 
for some time and show distinctly from their spoctia the formation of 
phyllocyanin, it can bo obtained unaltered by tho action of animal 
charcoal. Tho solutions, when exposed to sunlight, gradually become 
colourless, but at a less rapid rate than those of chrysophyll, and appa¬ 
rently without tho formation of products of decomposition, os is the 

• ‘Boy. Soo. Proo./ yoI. 21, p. 462. 

t *Ber. dor Deutsoh. Bot. Ge ■./ toI. 14, part 2. p. 70.1896. 
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case with chlorophyll; while away from the light it can he kept for ft 
considerable time without any apparont chango taking place in its solu¬ 
tions. Alkalis which induce so groat a change in chlorophyll appear 
to have no action upon it. From chlorophyll solutions which have 
boon boilod with potash or soda, and from which animal charcoal will 
not now absorb any appi enable amount of colouring matter, ether 
takes up this yellow colouring matter unaltered. Likewise, if its 
alcoholic solutions l>e boilod with au alkali, no alteration is discernible. 
On the other hand, if hydrochloric acid gas be passed through its 
alcoholic solutions the colour changes to a dull dark-red, giving no 
bands, but a general obscuration in the violet and ultra-violet rogion 
of the spectrum. By this method I lmve obtained this yellow colouiing 
matter from two species of Fieu^ from parsnip, clover, birch, and 
Viigmia creeper leaves, the extracts of the last-named, when even 
freshly prepared, showing a near approach to the phylloeyanin spec¬ 
trum. I havo also examined the yellow coluuung matter of autumnal 
leaves, and find that it is identical with it both m properties and 
spectrum (Plate 6, figs .‘i and 4) ; but m autumnal loaves invariably I 
find tho presence of the other yellow colouring matter which obscuros 
the spectrum, but which can be got rid of by separating with ether. 
This supports tho belief that the yellow colouring matter of autumnal 
leaves is what remains after tho chlorophyll of the healthy green leaf 
has faded away, the latter being the loss stable of the two (as has already 
been shown to be the caso), and fading first. I have examined tho 
colouring matter of some etiolated leaves, and here the presence of a 
yellow colouring matter that obscures the spectrum in the violet and 
ultra-violet rogion is undoubted. I endeavoured to get rid of it, as in 
the former experiments, by sepiratmg with ether, but seemingly with 
only partial success, the othcroal portion showing only three bands, but 
in tho samo positions as the first three bands of the yellow colouring 
matter under review, the rest of the spectrum in tho violet and ultra¬ 
violet lieing obscured. 

It is to this yollow colouring matter giving the characteristic spoc- 
trum of four bands m tho violet region, a spectrum not before observed, 
I liclieve, and which I believe to be tho predominating yollow colour¬ 
ing matter accompanying chloiophyll in ordinary green loaves, and 
also of faded autumnal leaves, that I would restrict the name xantho- 
phyll, just in the same way that phylloxanthin, from being first applied 
by Fremy to include all the yellow colouring matters accompanying 
chlorophyll, as woll as a yollowish-brown decomposition product of the 
latter, has boon applied by Schunck in a stricter sense to one of the 
group only—the yellowish-brown decomposition product of the action 
of acids. Crude alcoholic chlorophyll solutions can, as before stated, 
be separated into a green and yellow portion by agitating with carbon 
bisulphide—Sorby's method—or by benzoline, Kraus’s method, the 
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carbon bisulphide and benzoline portions l>oing coloured green, and 
the alcoholic portion in each case yellow. I beliovo from tho few ex¬ 
periments I have so far raado by those methods of separation, that tho 
xanthophyll, as I have defined it, passes along with tho chlorophyll 
into tho carbon bisulphide or the benzoline, a point overlooked by 
Kraus, but noticed by Sorby, while tho alcoholic portion contains yet 
another yellow colouring matter or matters, showing ill-defined absorp¬ 
tion bunds in the violet region, hut in differont positions again to oither 
tho bands of chrysophyll or xanthophyll. May be we have hero the 
xanthophyll and yellow xanthophyll of Sorby,* whilst probably my 
xanthophyll corresponds to his orange xanthophyll. 

I hope after some further experiments by these moans of separation 
which I am now undertaking, to bo able to throw some furthor light 
upon tho apparent complex nature of this group of accompanying 
yellow colouring matters. 


The Spectroscopic Relations of Chlorophyll, Cht tjsophyll, and XanthophylL 

Tho method of observing tho absorption spectra by means of 
photography is tho same hh I adopted m a former investigation, deal¬ 
ing with chlorophyll and its denvativos,t quartz lonses and an Iceland 
spar prism being used. Tho question whether tho bands shown by 
crude chlorophyll solutions in the violet region are due to chlorophyll 
itself, or to an accomjjanying yellow colouring matter, has not so far 
boon answered in a satisfactory manner. Some observers consider them 
due to tho former, whilst others, the majoiity I believe, attribute them 
to the latter. 

On inspection of tho plate (figs 1, 2, and 5), it will be seen that tho 
chrysophyll bands are shifted towards tho rod end of the spectrum 
compared to those of crude chlorophyll, so that if chrysophyll pre¬ 
exists along with chlorophyll in its alcoholic extracts, the bands of the 
two spectra would overlap, so as to produce one broad band oxtending 
from F to Kg ; but in all tho freshly prepurod normal crude chlorophyll 
extracts I havo oxamined, I have never found this to be the case, tho 
threo bands always being visiblo on proper dilution, with no indication 
of those duo to chrysophyll. 

We can therefore conclude that thoy arc not duo to chrysophyll, and 
must assume that if chrysophyll pre-exists, its relative quantity com¬ 
pared to chlorophyll must be jsmall. In tho xanthophyll spectrum, it 
will be noticed (Plate 6, fig. 3) tho first three bands do not coincide 
with the chrysophyll bands, being shifted towards the ultra-violet, and 
the spectrum is further distinguished by a fourth band situated between 
Kg and L, which is lacking in chrysophyll, the latter having the cha- 

* * Boy. Soc Proo ,* vol. 21, p. 4&6. 
i ‘Boy. Soo Proo./ vol. 63, 391. 
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ractcristic of allowing considerably moro of the ultra-violet rays to pass 
through its solutions. Comparing now the xanthophyll spectrum with 
that given by ciudc chlorophyll solutions, it will at onco l>e seen that 
the character of the two spectra are (pule different, and this points to 
the fact that the bands aic due to two distinct colouring matters. 
This h supported by the fact that from ciudc alcoholic chloiophyll 
solutions that have been acted upon with alkali, the xanthophyll can 
bo recovered unaltered by shaking up with ether, the chlorophyll being 
so altered (though the colour of the solutions is unchanged) that animal 
charcoal will not now absorb tho green colouring matter, this altera¬ 
tion has been shown by Schunck* to be due to the formation of an 
alkali compound of alkachlorophyll. Again, m crude chlorophyll solu¬ 
tions which have boon kept a little time, and which show signs of 
decomposition, owing to tho formation of phylloxanthin and phyllo- 
eyanm, the hands in the violet aio no longer discernible on proper 
dilution, yet act upon such .solutions with animal charcoal, and we 
get a yellow solution gmng tho four-banded xanthophyll spectrum, 
showing that the xanthophyll u r as there all the time unaltered, but did 
not affect tho spectrum From tho spectra of their alcoholic solutions 
it will bo observed the only xanthophyll band that could affect the 
crude chlorophyll spectrum is the first, for it is the only one in a 
similar position , but I think I can show that this cannot bo tho case, 
and that it is m no way connected with chlorophyll If a crude chloro¬ 
phyll solution ho examined in ether compared to alcohol, it will be 
found that in tho former solvent, the bands arc all shifted towaids tho 
more refrangible end of the spectrum, while the xanthophyll hands in 
both solvents are in identical positions (Plate G, figs. G to 11), so that 
we see now the first xanthophyll band no longer coincides with the first 
band of crude chlorophyll, and thcrcfoie can not have any influence 
upon tho chlorophyll spectrum. And thus I came to tho conclusion, 
taking one experiment with another, that as with chrysophyll, xantho¬ 
phyll is prosont in such a small relative quantity, compared to chlo¬ 
rophyll, that tho hands of its spectrum cannot bo detected in the crude 
chlorophyll solution, and that tho bands shown by the latter aro duo 
to chlorophyll itself, and not to any of the accompanying yellow 
colouring matters which the majority of formor observers lielieved 
they wore due to. This belief may have arisen from the fact that 
without tho aid of photography, only tho first two bands of chlorophyll 
and the accompanying yellow colouring' mattors in the violet region 
arc discormble in alcoholic solutions to the eye, and they thus failed to 
olwervo the complete spectrum which, from an inspection of the plate, 
will be seen makes in each case a vast difleienco to the character of the 
spectrum. 

That all freshly prepared chlorophyll extracts show in every case 
* 'Boy. Soc. Proe/ rol. 60, p. 312. 
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the throe hands in the violet region, is I think a proof in itself that 
they are due to the samo colouring matter that produces the character¬ 
istic and unmistakable spectrum in the less refrangible region, or to a 
very intimately connected colouring matter so far unknown. Seeing 
also that all tho chlorophyll derivatives give a characteristic absorption 
in the violet and ultra-violet region, it would bo strange that 
chlorophyll piopor should prove the exception, and it is an interesting 
fact that its two chief, and intimately connected decomposition pro¬ 
ducts into sc—phylloeyanm and phylloxanthm—should have, as I 
have shown/ hands in the violet legion m identical positions with 
these throe chlorophyll bands, the fust of them corresponding to a 
faint, but distinct one, observable in pure phyllotyanm solutions on 
proper dilution, tho other two to tho two characteristic phylloxanthm 
bands in the violet region 

Stint nun tf 

1. I find in all crude alcoholic extracts of healthy gieon leaves, two 
yellow colouring matters accompanying the chlorophyll One chryso- 
phyll which deposits out of the extracts on standing m lustrous red 
crystals, but more oiten than not m minute quantities, the other 
obtained by treating the extracts with animal charcoal in the cold, tho 
charcoal taking up the chloiophyll, and leaving a yellow solution 
which deposits on spontaneous evaporation an unorphous substance 
impregnated with much fatty mattei, and to which I have restricted 
tho name xanthophyll. Anotlim yellow colouring matter is sometimes 
found along with xanthophyll which gives no absorption bands, but 
only an obscuration in the violet and ultra-violet region of tho 
spectrum, and in such cases a separation can be effected by other. 
There is also evidence to show that other yellow colouring matters 
may exist. Xanthophyll, however, I believe, is the predominating 
yellow colouring matter accompanying chlorophyll m tho healthy 
green loaf, and I also find it to bo identical with the principal yellow 
colouring matter of tho faded autumnal le.iv os. 

2. Chrysoph) 11 and xanthophyll each give a characteristic absorp¬ 
tion spoctium in the violet and ultra-violet region, tho former consists 
of three bands, the latter of four, but in slightly different positions. 
Crude chlorophyll solutions also give, in addition to the characteristic 
spectrum of four bands in the less refrangible region , throe characteristic 
bands in the violet, and from observations by means of, photography 
I come to the conclusion that these bands are duo to chlorophyll 
itself, and not to any of the accompanying yellow colouring matters 
which the majority of former observe? s liclievod they were due to. I 
also find that phyllocyanin and phylloxanthin have bunds in identical 
positions with those throe chlorophyll hands. 

* 1 Kojp. Hue Proc / vol. G3, p 893. 
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EXPLANATION OF PLATE. 

A and B. Spectrum of a hydrogen vacuum-tube from which the reference lines, 
F, G', A, and Hi are obtained, with the potassium Kp line thrown in. The 
solar lines, L, M, N, and P are obtained by measurement from a negative of 
the solar spectrum 

Fig. 1. Crude chlorophyll in alcohol 
„ 2, „ „ „ diluted. 

„ 3. Xanthophyll from crude « hloropbyll solutions in alcohol by the action of 

animal charcoal 

„ 4, Xanthophyll from faded autumnal jcllow leaics in alcohol 
„ 5 Chrysophyll m alcohol 
,, 0 Crude chlorophyll in alcohol 
7. ,, „ other. 

„ 8 ,, „ alcohol diluted 

„ D. „ „ ether 

, 10. Xanthophyll in alcohol 
„ 11. „ other. 


“On tho Chemical Classification of the Stais.” By Sir Norman 
Iockykr, y.R S. Received April 27,—Read May 4, 

1800. 

[Plat* 7.] 

Ill the attempts made to classify the stars hy means of their spectra, 
from Rutherford’s time to quite recently, the various criteria selected 
were necessarily for the most part of unknown origin, with the excep¬ 
tion of hydrogen, calcium, iron, and carbon, in the main chemical 
origins could not be assigned with certainty to the spectral linos. 
Hence tho various groups defined by the behaviour of unknown lines 
were referred to by numbers, and as the views of those employed in 
the work of classifying differed widely as to the sequence of the 
phenomena observed, the numerical sequences vary very considerably so 
that any co-ordination becomes difficult and confusing. 

Recent work has thrown such a flood of light on the chemistry of 
the stars that most definite chemical groupings can now be established, 
and the object of the present communication is to suggest a general 
scheme of classification in which they are omployod, in relation to the 
line of cosmical evolution which I havo developed in former papers 
communicated to the Society 

The fact that most of the important lines in the photographic region 
of the stellar spectra have now been traced to their origins renders 
this step desirable, although many of tho chemical eloments still remain 
to be completely investigated from the stellar point of view. 

The scheme is based upon a minute inquiry into the varying inten¬ 
sities, in the different stars, of tho lines and flirtings of the under¬ 
mentioned substances: - 
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Certain unknown elements (probably gaseous, unless their lines 
represent “ principal series ") in the hottest stars, and the new form of 
hydrogen discovered by Professor Pickering (which I term “ proto¬ 
hydrogen” for tho sake of clearness), hydrogen, helium, nstorium, 
calcium, magnesium, oxygen, nitrogen, carbon, silicium, iron, titanium, 
eopjior, manganese, nickel, chromium, vanadium, strontium, tho 
Hpoctra being observed at the highest avail able spark temperatures. 
The lines thus observed I term “enhanced” lines, and I distinguished tho 
kind of vapour which produces them by tho affix “proto,” e.q., proto- 
magnesium, for tho sake of clearness * * * § 

Iron, calcium, and manganese at are temperatures 
Carbon (flutings) at are tcnipciaturcs 
Maganese and lion (flutings) at a still lower temperature 
In a communication to the Society t I stated tho results arrived at 
recently with regaid to the appeal ances of the lines of tho above sub¬ 
stances in stars of different lempeiaturcs, and tho definition of tho 
diffeicnt groups or genera to lie subsequently given aro based upon 
tho map which accompanied the papci, together with more minute 
inquiries on certain additional points, the examination into which was 
suggested as the work went on 

So far as the inquiry has at present gone, the various most salient 
differences to bo taken ad vantage, of for grouping puqioses are repre¬ 
sented in tho following stain, the information being denved from the 
researches of Professor Pickermgl and Mr MeCk*an,8 as well as from 
the Kensington series of photographs 


7 {otfrst Shu s 

Two still's m tho constellation Argo (£ Puppis and y Arghs ||) 
Almtfim (e Ononis) This is a star m the belt oi Orion shown on 
maps as Ainilam I)r Pudge has been good enough to make inquiries 
for me, which show the change of wold to have been hi ought about by 
a transciibor’s emu, and that the meaning of tho Arabic word is “a 
belt of spheres or poarls " 


* ( Roy. Sot. Proc ,* vol (»4, p 3i»a 

f ‘ Roy. Sot 1 . Prut*\ol 04, p R'K> 

t f Astro-phys .Touni, \ol 5, p oj > 1SSI7. 

§ * Spectra of South ern Ntnr* ’ 

|| The spectrum of this star roiilain* bright Into*, but I show in a paper nearly 
ready for eonamu meat ion to the Society, that when those otour with dark lines, 
the latter alone have to be considered lor purposes of chemical classification. 
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Stars of intermediate Temperature. 

Ascending Series Dc&cciulwg Series. 


/3 Crmis. 

Achernar. 

{ Tauri. 

Algol. 

Kigel 

Markab 

a Cygni. 

r , 

i ' l 

Si i ins. 

Poll'll is 

Procyon 

Aldebaian 

Arc turns 


Sims nj Invest Tvmpnatin 


I*<( tiding Suits. 

Ant.«c*H, one of tho brightest 
*tars in Duutfr’s Catalogue of 
Class I1R* 


• Dem ndt nrj Set i< * 

19 Piscium, one of the brightest 
stars in Dundr’s Catalogue of 
Class 1116. 


[NolmKe.] [Dark Stats.] 

In order to make quite clear that both an ascending and a descend¬ 
ing series must be taken into accpunt, I give herewith (Plato 7) two 
photographs showing the phenomena observed on both sides of the 
temperature curve in roversing layers of stars of nearly equal mean 
temperatures, as dotormined by the enhanced linos. The stars in 
question are.— 

►Sirius (descending) \ 
a Cygni (ascendmg). / 

Procyon (descending). 1 
7 Cygni (ascending). J 

The main differences to which I wish to draw attention are the very 
different intensities of the hydrogen lines in Sirius and a Cygni, and the 
difference in the width and intensities of tho proto-motallic and metallic 
lin^s in Procyon and y Cygni. These differences, so significant from a 
classification point of view, wore first indicated in a communication to 
the Society in 1887 +, and tho progress of the work on those lines has 
shown how important thoy are. I have twised the group—or generic— 
words upon the following considerations. 

As we now know beyond all question that a series of goological 
strata from tho most ancient to the most recent brings us in presence 
of different organic forms, of which the most recent are the most com- 

# ‘ Sur le» Etoiles k spectres de la troisieme cUue,' 
t *Roj. Soo. Proo.,* iol. 43, p. 145. 
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plox, it is natural to suppose that the many sharp changes of spectra 
observed in a series of stars from the highest temperature to tho lowest, 
bring us m presence of a series of chemical forms which become more 
complex as the temperaturo is ieduced. Hence we can in the stars 
study the actual facts relating to the workings of inorganic evolution 
on lines parallel to those which ha\e already been made available in 
tho caso of organic evolution 

If then wo regard tho typical stars as the equivalents of tho typical 
strata, such as tho Cambrian, Silurian, iVc , it is convenient that the 
form of tho words used to define them should be common to both , 
hence I suggest an adjectival form ending in wu. If tho typical sUr is 
the brightest in a constellation, I use its Auibic name as root, if the 
typical star is not tho brightest, I use the name of the constellation. 

Tho desideratum referred* h.is to a certain extent determined the 
choice of stars where many weic available I have to express my 
great obligations to Dr Murray for help gonoiously afforded in tho 
consideration of some of the questions thus nused. The table runs as 
follows.— 


Classification of Stars into Genera defending upon their 
Chemistry and Temperature. 


Ihghed tnnpa<itim\ amplest (hcmiMiy. 


Argon ian 
Almtumiau. 

Crucian, 
v Taurian. 
jjj Rigehau. 

Cygrnan. 

^ Polarian. 

^ Aldebarian. 

Antanan. 


Achmuan 
Algol ian £ 

Markabian. ^ 

- ^ 

Sirian. 

Procyoman. S 
Arctunan. ^ 
Piscian. 


Tho chemical definitions of tho various groups or genera aro as 
follows:— 


Definitions of Stellar Genera. 

Argoman. 

Predominant .—Hydrogen and proto-hydrogt u. 

Fainter.— Helium, unknown giut (X 4451, 4167), proto*magne¬ 
sium, proto-calcium, asteriunt 


Almtamian. 

Predominant ,—Hydrogen, helium, unknowu gases (\ 4089*2, 
4116 0,4649 2). 

Fainter.— Asterlum, profco-hydrogon, proto-magnesium, proto¬ 
calcium, oxygen, nitrogen, carbon. 



Proto-metal !il linen relatively thick, hydrogen relatively thin. 
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Crucian 

Predominant — Hydrogen, httium, as. 
tenum, oxygen, nitrogen, carbon. 

Fa\nter,— Proto-magnesium, proto- 
calcium, unknown gas (\ 4080 2), «uh- 
cium 

f Tannan 

Predominant —Hydrogen, he¬ 

lium, proto-magnesium, nstonum 
Fainter —Proto-calcium, sili- 
cium, nitrogen, caibon, ox>gon, | 
proto-iron, proto-titanium 

Rigchan. 

Predominant —Hydrogen, proto 
calcium,proto-magnesium, helium, 
ftihcium. 

Fainter. —Asterium, proto-iron, 
nitrogen, carbon, prolo-titnmuin 


Cygwan 

Predominant —Hydrogen, pro! o- 
ealciuui, proto magnesium, proto* 
iron, Riheium, proto.tiLiuuum, 
proto-ooppor, proto chromium 
Fainter. —Proto-mekcl, profo- 
viuindium, proto mangancho, proto- 
strontium, iron (arc) 


Polanan 

Predominant — Proto-calcium, 
proto-titam um, hydrogen, proto- 
magneaium, proto-iron, and are 
linos of calcium, iron, and manga* 
nose. 

Fainter —Tho other proto-metals 
and metals occurring in the Sirian 
genus. 


Ackernian. 
Same as Crucian. 


Afgolutn. 

Predominant. —Hydrogen, proto- 
magnesnim, proto-calcium, helium, 
nhcium 

Fainter, —Proto-iron, astcrium, 
carbon, proto-tilanium, proto-cop- 
per, proto manganese, prolo-nickel 

* Mar/cabuzn . 

Predominant —Hy drogon, pro I o 
calcium, proto-magnesium, hiii- 
ennu 

Fainter —Proto iron, helium, 
astcrium, proto-titanium, proto¬ 
topper, prol o-mang&nose, proto- 
niekol, proto-ihromtum 


Stria n 

Pi edominant —Hydrogen, proto- 
caluum, proto-magnesium, proto* 
iron, Bihciiun. 

Fainter —Tho lines of tlie other 
proto-metals and tho arc lines of 
iron, calcium, and manganese 

Vrocyonwn, 

Maine as Polanan 


Prc to-metallic lines relatively thin, hydrogen relatively thick. 



a CAN MAJ. 
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Aldebarian. 

Predominant —Proto-calcium, aro 
lines of iron, calcium, and manganese, 
proto-strontium, hydrogen 

Painter. —Proto-iron and proto-t-itn- 
mum. 

Anlartan. 

Predominant .—Fluting* of miuiga- 
nese. 

Fainter — Are lines of metallic ele¬ 
ments. 


Ar clunan. 
Samo a* AM oban an 


PiMctan. 

Predominant .—Flutiugs of < tirbou. 
Fainter —Are lines of metallic ele¬ 
ments. 


Wo may take for granted that as time goes on now intermediate 
genera will require to be established; the proposed classification lends 
itself conveniently to this, as there aro no numerical relations to be 
disturbed. 

A still more general chemical classification is the following, it boing 
understood that in it only the most predominant chemical featuros aro 
considered, and that there is no sharp line of bcpiration between those 
larger groups. The peculiar position of calcium and magnesium londcia 
this caveat the more necessary 


Classification of S'iaks. 


Gasoous stars 


Highest temperature 

{ Proto-hydrogen stars 

Clcvoite-gas stars { 

f Kigelian 

Proto-metallic stars . d Cygnian 

Metallic stars. 

Stars with fluted spectra . 

Lowest temperature. 


/ Argoman 
\ Alnitamian 

Ac hoi iiian 
Algolian 
Markabian. 


f Polarian. 

\ Aldebarian. 
Antarian. 


Suiau. 

Procyoman 

Arctuiian. 

Piscian. 


The detailed chemical facts to lie gathered from tho definitions of 
the several genera indicate many important differences betwoen the 
order of appearance of tho chemical substances in the atmospheres of the 
stars and that suggested by the hypothetical “periodic law." Special 
investigations aro in progress by which it is hoped some light may bo 
thrown on this and other pomtB of a like nature 
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■ The Diffusion of Ions into Oases.” By John S Townsend, M.A. 
(Dublin), Oink Maxwell Student, Cavendish Laboratory, 
Cambridge Communicated by Professor J. J. Thomson/ 
RliS. Received April 2f»,—Read May 18, 1899, 

(Abstract.) 

In the papor upon this subject, the principles upon which the theory 
of iritei diffusion of gases depends, are applied to the diffusion of ions 
produced by Kontgon rays When a gas has been left to itself, 
the conductivity gradually disappears When no electromotive forces 
are .irtmg, the loss of conductivity is due partly to positive and 
negativo ions coming into contact with each other, and partly to the 
elicit, of the surface of the vessel, which discharges those ions which 
come into contact with it. 

In order to illustrate in a simple way the principles which aic 
involved, wc take the case of a gas contained in a metal sphere, and 
consider what happens to the ions after the gas has l>een removed from 
the influence of the rays For present purposes we may neglect the 
effect of lerombniation. 

The ions may he considered as constituting a separate gas, the 
molecules of which may bo cither bigger or smalloi than the molecules 
of the g«cs m which they aie unmciscd When an ion conies into contact 
with the sin face of the splieio it loses its charge, so that the metal 
may bo regarded ,os a body which completely absoi bs the ions. The 
reduction m the conductivity by tho diffusion of the ions to the sides, 
is exactly analogous to the removal of moisture from a gas by 
bubbling it through sulphime acid. The move rapidly tho watei 
vapour diffuses thiough tho gas, tho gi cater will Do tho number of 
water molecules which como into contact with tho acid lound the 
bubble. If the quantity of moisture which is iamoved bo found ex- 
pcumcntally, tho coefficient of diffusion of water vapour into tho gas 
can bo deduced.* It would be impracticable to use this method to 
find tho coefficient of diffusion of ions into a gas contained in a huge 
vessel, as tho loss of conductivity due to recombination would lie large 
compared with the loss due to the sides. 

Tho method which was employed was to pass a uniform stream of 
gas through fine metal tubing, and to allow the rays to fall on the gas 
immediately before enteung the tubing. Tho bore of the tubing can 
bo so adjusted that the number of ions which come into contact with 
the sides will be large compared with the number which recombine. 
It is convenient to uso tubing of such a length, that the conductivity 
will lie reduced to about one half its initial value. 

* John S. Townsend, ‘ Ph»l. Mag / June, 1808 
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In ordor to obtain iho coefficient of diffusion when the reduction in 
the conductivity has been found experimentally, the following problem 
presents itself:— 

If a small quantity of a gats, A, is mixed with another gas, B, and 
the mixture passed along a tube, the sides of which completely absorb 
A, to find what quantity of A emerges from the tube with B. 

It will bo immediately scon that if the gases diffuse rapidly into 
each other, a large proportion of the molecules of the gas A will come 
into contact with the surface of the tube and will thoro bo absorbed. 
If on the other hand the rate of interdiffasion is very small, the 
molecules of A will tiavel down the tube in stnnght lines j>arallel to 
the axis of the tube, ami practically nono of them will come into con¬ 
tact with the surface 

The complete solution of the above problem may be obtained from 
the following equations *— 

1 dp v 

-JW = --jj + nX-f, 

\p» = -'% + nYe, 

l pw = jJl + nZr+lpW, 


and the equation of continuity (jm) + ~ (pe) + (pw) -0, whore 

(/ Jj 


w is the number of ions per cubic centimetre, p their partial pressure, 
e the charge on each ion ; X, Y, and Z tho electric forces at any point; 
?/, r, and w tho velocities of tho ions; W tho velocity of the gas B 
through tho tube, k the coelliciont of diffusion of the ions into the gas B. 

The partial differential coefficient with respect to the time, is omitted 
from the equation of continuity, as wc need only consider the steady 
state. 

The term dpjdz may bo omitted from tho third equation, as it is small 
compared with the other terms. 


2V 

W =» ™ (a 2 - r-), where V is the mean velocity of the gas B, 

definod by tho condition n vr-V/= total volume of gas crossing any section 
in a time /, a the radius of the tube, and / the perpendicular distance 
of any point from tho axis 

The forces X, Y, Z vanish since tho electrification is too small to con¬ 
tribute appreciably to the motion of the ions. 

The boundary conditions are:— 


p =* 0 when r = a, 
p » constant when z =* Q> 
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The solution of the problem requires a somewhat lengthy analysis, 
so that wo give hove only tho hnal result. 

Tho ratio of tho number of ions (or molecules of tho gas A) 
coming out of tho tube with B to tho number which enter is 

7 31Jr: 44 ft«J 

It = 4 [0*1932 e wv + 0*0243 + AiC-l, 

where z is tho length of the tube. 

The other terms of the dories *are too small to bo taken into con 
sideration. 

Having determined tho reduction in conductivity, due to tubes of 
different lengths, tho following values of tho coefficients of diffusion 
of ions into air, oxygen, carlxmic acid, and hydrogen, were obtained. 


Tabic of Coefficients of Diffusion of Ions in dry Cases. 


Gab 

k for + ious. 

k for — ions. 

Mean valuo 
of If. 

Ratio of the 
values of if. 

Air. 

0*0274 

0 042 

0 0347 

1*54 

Oxygon . 

0*025 

0*0396 

0*0323 

1 58 

Carbomn acid. 

0 023 

0*026 

0 0245 

1*13 

Hydrogen . 

0*123 

0 190 

0 150 

1*64 


Tabic of Coefficients ot Diffusion of Ions in moist Gases. 


Ohs. 

k for + ions 

if for — ions 

Mean value 
of If . 

Ratio of the 
> alues of k. 

Air ..... 

0*032 
0*0288 
0*0245 * 
0*128 

0*U35 

0*0358 

0 *0265 
0*142 

0 *0335 

0 0323 
0*025 

0 *1350 

1*00 

1*24 

1*04 

I’ll 

Oxviren . 

Carbonio acid. 

Hydrogen ... 



Wc should expect from the experiments, that tho above numbers 
were correct to 5 per tout. 

Considering one of tho equations of motion 

1 tip v 

zV u - + 

we boo that when dp/djn — 0, the velocity u duo to the electric force 
X is uXck/ji If the potential gradient is one volt per centimetre X — 
1/300 in electrostatic units, and tho corresponding value of u is 

kg n 

Ul ~ 800 ‘ j>‘ 
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Lot N bo the number of molecules in a cubic contimetre of a gas at 
pressure P, equal to the atmospheric pressure, and tcmporaturo 15" 
centigrade, the temperature at which u and k were determined. 

The quotient N/P may be substituted for nip in the above equa¬ 
tion, and smeo the atmospheric prossuie P is 10 ,J in C.G.S units, wo 
obtain 

Nr 

K 


The following values of N> thus obtained for different gases are 


Air .. 
Oxygen 
Caibonie acid 
Hydrogen 


Nr a — 1 *35 x 10™ 
Nr 0 - 1*25 x 10™ 
Nr c = 1 30 x 10™ 
N f'u - 1 00 x 10 10 


The values of u wore taken from the table of mean velocities given 
by Professor Rutheiford * The \alues of k which wcio used, are the 
mean values obtained for diy gases. 

Experiments on electrolyse show that one eloctrodynamic unit of 
electricity in passing througn an electrolyte, gives off 1*23 c.c. of 
hydrogen at temperatures 15° and piessuro 10° O.G S units The 
iiumher of atoms in this volumo is 2 4G N, so that if E is the charge 
on an atom of hydrogen in the liquid electrolyte, 

2*46NE 1 eloctrodynamic unit of quantity 

-- 3 x 10'° electrostatic units. 

Hence NE = 1*22 x 10 lu , 

the charge E being expressed in electrostatic units. 

Since N is a constant, we coucludo that the c harges oil the ions pro¬ 
duced by Rdntgen rays in air, oxygon, carbonic acid, and hydrogen, 
are all the same, and equal to the charge on the hydrogen ion iu a 
liquid electrolyte. 

Professor Thomsont has shown that the charge on the ions in 
hydrogen and oxygen which have been made conductors by Rontgeu 
rays, is 6 x 10~ 10 electrostatic unit, and is the same for both gases 

Taking this value for the charge c, we obtain the number of mole¬ 
cules in a cubic centimetre of a gas 

N = 2 x 10™. 


Prom this we deduce the weight of a molecule of hydrogen, pj N, 
4-6 x 10' 24 gram. 


# E. Rutherford, 1 Phil. Mag./ November, 1807. 
f J J. Thonuou, * Phil. MagDecember, 1808. 
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Since, as we have shown, tho charge on an ion produced by Eontgen 
rays is equal to the chargo on a hydrogon ion in a liquid olectrolytc, 
this latter charge is also G x 10 " 10 electrostatic unit. 

Although tho value of for hydrogen is 25 per cent, less than its 
value for other gases, we are justified in including hydrogen in the 
above general conclusion, as wo should expect tho value of n for hydro¬ 
gen to bo too small. Professor Rutherford makes no mention of 
having corrected foi the presence of air in his apparatus, or of having 
used perfectly dry hydrogen. If wo take tho moan value of k for 
moist hydrogen, wo obtain Noi ~ 1 15 x 10 1(> 

In order to prove that the charge on the positive ion is equal to the 
charge on the negative ion, the ratio of the coefficients of diffusion 
must lie shown to be equal to the ratio of the velocities Professor 
Zeleny* has shown that the negative ions travel faster under an elec¬ 
tromotive force than the positive ions, the ratios of the velocities being 
1 21 for air and oxvgcn, P15 for hydrogen, and 1 0 for carbonic acid. 

Tho experiments on diffusion show that tho ratio of the velocities 
would be larger in dry than in moist gases, hut as this point has not 
yet been examined by Professor Zeleny,%o cannot expect a very close 
agreement between the ratios w'hich ho gives for the velocities and the 
ratios of tho coefficients of diffusion. 

We are led to conclude that the charges on the positive and nega¬ 
tive ions are equal from another point of viow r . It has been proved 
that tho mean charge is the same as the charge on an ion of hydrogon 
in a liquid electrolyte If tho charges differed, one of them would be 
less than tho chaigc on the hydrogen ion, whereas experiments on 
eleitrolysis show that all ionic charges are either oqual to tho chaigc 
on tho hydrogen ion or an exact multiple of it. 


“On the Presence of Oxygen in the Atmospheres of certain Fixed 
Stars” By David (Jim., C.B, F.RS, &c. # Hct Majesty’s 
Astronomer at the Cape of Good Hope. Received April 14,— 
Read April 27, 1899. 

(Plate 8) 

In a paper road l>eforc tho Society on April 8, 1897, and in u sub¬ 
sequent jkipcr,t Mr. Frank McClcan draws attention to the group¬ 
ing of lines other than those of helium and hydrogen in the spectra 
of ft Scorpii, ft Cams Majoris, ft Centauri and ft Crucis, suggesting 
that the close correspondence between the grouping of these extra 
lines and tho known linos of oxygen, points to the probable presence 
of that gas in the atmospheres of these stars. 


* J. Zeleny, ‘Phil. Mag.,’ July, 1898. 

A/ui Pwu» * «nl A& 
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In tho latter paper he writes, “ The muni remarkable correspondence 
is in the case of the largo group on either side of 1I 5 . A slight 
shift of about a tenth-metro is required to bring the groups into identi¬ 
cal positions. However, tho close similarity of tho whole grouping ot 
tho two spectra as they appear on the plate, admits of little doubt that 
tho extra linos actually constitute the spectrum of oxygen If this be 
established, the spectrum of the first division of helium stais would 
be due to hydrogen, helium, and oxygen ” 

In his subsequent work* Mr. Mi Clean conclude*, “ Taking everything 
into account, the succession of coincidences between tho extra hues of 

Crucis and the oxygen spectrum can only be accounted for on the 
basis of the extra lines being in the main actually duo to oxygen.” 

This conclusion docs not, as yet, appear to have boon fully accepted 
by spec t rose opists, pai tly because, from tho low dispci Monused, tho 
linos of the gioups are not separately shown. It is vciy gcnerullv 
known that the instrumental equipment of the Royal Obsm vatoi v 
at the Cape, has recently been clinched by a complete equipment 
for Astrophysical research, tho whole being the munificent giil ot Mi 
M< Clean, F.R S 

The sht spectroscope, for attachment to the photogiapluc rutractm, 
reached the Cape in the middle of Jaiuuuy last, and I icsohcd that 
its first published work should ileal with Mr. Mi Cleans interesting 
discovery. 

As a complete account of the instrument and its observatory will be 
subsequently published, it may be sufficient fot tho present to state 
that the object glass of the photographic telescope h/is an apei turo of 
24 inches and focal length of 22 feet 6 niches, its minimum focus 
being, at present, for rays about midway laitween II/s and H y . 

The collimator of the spectroscope has an aperture of 2J inches and 
focal longth of 22J inches, so that a cylinder of parallel rays 2 inches 
m diameter falls on the prisms, and the latter are of sufficient size to 
pass the whole of the rays which foim the image of tho spectrum on 
the sensitive plate. The instrument is provided with two camcra- 
teloscopes of 2J inches aperture, one being of about 36 inches focal 
length, the other of 16 inches 

Only the larger of the two camera-teloscopos have been employed in 
the after-mentioned observations 

There are two cast-iron pi ism boxes; one of them contains three prisms 
of about 60° oach, which for rays near II y produces a deviation of 180°, 
so that the camera-telescope becomes parallel m the revorse direction 
to the slit-toloscopc. The other prism box contains a singlo prism of 
62°. The prisms in both boxes are fixed, without screw adjustment, 
in minimum deviation for H y . The collimator is in the axis of a solid 
drawn steel cylinder—the latter attaching by a flange at one end to 
• * Spectre of Southern Stare ’ (Stanford, London, ISOS). 
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the butt end of the telescope, a cast-iron plate attaching to the flange 
on the other end of the cylmdor carries either one or other of the 
two prism boxes. 

The slit-slide and 60° prism for reflecting the comparison spark on 
the slit (made on the plan of the Lick spoctroscope) are contained in 
a strong cast-steel box which is permanently attaehod to ono ond of 
the collimator tube. This latter is a vory strong solid drawn steel 
tube, the extornal surface of which has been turned and finished to a 
true cylindrical form, and it rests in proper geometrical bearings 
formed in strong cast-iron diaphragms, which are fitted inside the 
cylindrical laxly of the instrument. 

A powerful slow motion pcimits the collimator to Iw slid along its 
axis so as to focus the slit upon the image of the star at any required 
reading of the focussing scale. The object-glass of the collimator is 
mounted on the end of another stool cylinder which also rests on 
geometrical tarings inside the outer collimator tube, and it is also 
provided with fine slow motion and a focussing scale Both these 
scales are illuminated at will by small incandescent lamps, and are 
rcatl by microscopes which are accessible from the outside. 

The whole instrument can be enveloped in felt to prevent any but 
very slow chango of temperature 

The comparison-spark apparatus is arranged with wide angle object- 
glasses, in such a way that if the image of the spark shines on the slit 
the object-glass of the collimator must be full of light. Numerous 
trials in all positions of the instrument have invarably given photo¬ 
graphs of the lines of the comparison spectrum of iron rigorously 
coincident with the corresponding lines of the solar spectrum, the 
latter being obtained by exposing the slit m diffuse daylight. 

The camera end with its focussing and tilting adjustments can 1x3 
attached to either telescope by a flange with bayonet joint. The 
focussing scale is divided to 1/10 mm., and the amount of tilt of the 
plate-holdor is measured on a graduated arc. 

As the largo telescope is fitted with an object-glass prism of 24 inches 
aperture (which, when the slit spectroscope is in use, is folded back in 
the manner shown m the frontispicco of Mr. McClean’s * Spectra of 
Southern Stars’), heavy counterpoises are required to balance the tube 
about the decimation axis if the spectroscope is not attached. 

In designing tho slit spectroscope I was thus not limited by the neces¬ 
sity for lightness in its construction. The complete instrument weighs 
400 Hie., being almost exactly the equivalent of the counterpoises and 
focussing slide and cumcra, which arc removed for its adaptation. In 
every detail the fittings of the spectroscope are designed with the 
necessary geometrical limitations of freedom and m mne f so that no 
shake nor variation of adjustment can arise from imperfection of work¬ 
manship ; that is to say, all the adjustments depend on adequate spring 
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pressure against the minimum number of necessary tigid points of 
support. 

The object-glasses of the spoctio&cope were made by Brushier, and 
are all excellent. The tlnoo dense pi isms were also made by Biashier , 
their definition is very fine, but the glass is rather yellow in colour, and 
produces groat absorption of rays more refiangible than H y The 
single prism, by Steinhcil, gives excellent definition, and the glass is 
much whiter than in Brashier’s prisms. The optical constants of the 
prisms have not yet boon determined. 

The mounting was constructed by the Cambridge Scientific Instru¬ 
ment Company to my designs, in the most careful and satisfactory 
way. I am greatly indebted to Mi. Horace Darwin for much care in 
supervision of the work and for some very ingenious and uupoi tant 
improvements in detail which he carped out. 

Above all I am indebted to Mr. H. F No wall, who has taken infi¬ 
nite trouble in making and testing the permanent adjustments of the 
instrument and in supervising the airangement of its final details. To 
him I owe the fact that the instrument arnvod at the Cape pi at tiddly 
in perfect adjustment and ready for woik After a series of pielmu- 
nary focussing trials hy NowalFs method,* a number of photographs of 
star spectia ’were made with the thvce-pnsm l>ox anti long telescope 
The present paper deals chiefly with the losults of measures of a 
photograph of the spectrum ot /i Ciucis and of a comparison non spec¬ 
trum obtained oil March 15. The plate was exposed to the comparison 
spectrum of iron immediately befoie and immediately after the expo¬ 
sure for the star specti um (See Flute 8 ) 

Lines of the iron spectium covei the whole exposed length of the 
plate from Fe X 4187*99 to 4563*99, the hneai interval on the plate 
between those lines being 70 367 mm. 

As a preliminary step, the intervals betwoon successive pans of iron 
lines were measured with the micrometer of the old Kopsold astro- 
photographic measuring apparatus.! If 

A* is the interval between two adjoining lines in teims of revolu¬ 
tions of the micrometer screw, 

Xj and Xj their respective wave-lengths, 

X in = J(X x + X,) and AX = 

I found, to my surpriso, on computing AX/Av for many different values 
of X, n , and plotting these on millimetre paper with AX/As as ordinate 
and X w as abscissa, that within the limits of error of plotting and 
observation the resulting curve was practically a straight line : in oth6r 
words, the screw values can be represented by 

tt 1 Monthly Notices, B.A.S ,* vot 57, p. 572. 

t Described by Bskhuysen, 1 Bulletin du Congrfcs Aatrtgraphique,' voi. 1, p. 169. 
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Such it I.iw tftii only be applicable to a limited pm lion of the whole 
spcctiutn, loi it ib obvious that for no \aluo of A can AA/An be leally 
_ 0 

In oidei to test over what langc of the spectrum this law might be 
legalded as sufficiently iigorous, four selected iron lines weie measured 
m teims of the nullimetie st.de which is attached to the lustiuinent, 
the diMsion enois of which are known for each 5th milhmottu Foi 
loimniiencc the measures are converted into screw ievolutions of the 
muiometor nuuostope which was used m measuring the spectra, viz., 
1 rc\olntion = 0 5 mm 
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Thus for mteipolation between adjoining known iron lines the 
second differences, c/ } are practically constant over the iunge of spec- 
tiiim with which we have to deal, and consequently the logs of (A - A u ) 
\thy proportionately to the measured intervals between the lines. 

If this weie btiutltj true for the whole iunge of our spectrum one 
would obtain rigorously accurate mtoipolation as follows .— 



201 


in the Atviwphfirvb oj certain Fired Stars. 

Let mi and Mz be the micrometer loadings on any two known ImeN, 

„ in* „ „ „ for an niteimodmtc un¬ 

known line, 

„ Ai and A^ the eoiiespunding wave-lengths of the known lines, 
then to find Xj coi responding to mi w*e have 


([X.- A„1 -[X 8 -X # ])!i'i-^ + [X 3 l = [k 2 -X 0 ] . (1), 

tth - HI 1 

where the square brackets denote the logs of the included quantities. 

That the second differences of AX'As for successive values of X are 
not strictly constant for the whole length of our spectnmi is showm by 
the different values ot and A 0 obtained above. 

Tf we assume A 0 a constant ^ 3718 and interpolate the wa\ e-lengths 
of X^ and X 3 , by means ot our foiniula (1) wo obtain 

Known Computed Known— Computed 

X. 4425*52 4425 36 + 0*16 

X, 4282 54 4282 72 -0*18 

The diffeieiKCH “ known - computed” considerably exceed the prob¬ 
able cm lots due to the observations and tho small ln.imuiunoa ot the 
determinations ot the fundamental wave-lengths, thus showing that 
cnors have been introduced by neglect of the small variations in tho 
second differences of the successive values of AX/As. 

It is however veiy easy to take account of these filiations by com¬ 
puting an auxiliary table for dilleient \ allies of X 0 with tho argument 
Xu Thu*, on the assumption that Xq vanes pioportionally to X t we 
have.— 


Mg. 


\ 

*0 

4100 

3732 

4200 

3727 

4300 

3722 

4400 

3717 

4500 

3712 

4600 

3707 


Taking Ao from this table with tho argument 1 approximate wave¬ 
length of the line, whose definitive wave-longth is requiied,* wo find 
the intermediate wave-lengths accurately represented.* 

As well known iron lines are found within 30 or 40 tenth-metres of 
all the unknown linos, it is always sufficient for the purpose of inter- 

* I find tlmt tho wave-lengths of solar lincB m measured by Campbell A. P. 
Journal/ October, 1808) are also very beautifully represented throughout by this 
simple method of interpolation. 
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polation by our formula to omploy the value of X 0 from the above 
table with the argument -- 0 

In this way the wave lengths of the linos in thospocUum of /i Ciueis, 
given in the following table (pp. 203—201), have boon determined:— 

Column (l) given the wave-lengths of all the known oxygon hues of 
intensity 3 oi brighter, between A 1303 and 4375, net aiding to 
Neovius as wall as Trowbiidgo and Hutchins * 

Column (2) gn entile wave-lengths of all helium lines according to 
Range and i’aschen,t contained within limits of the spectrum under 
obsoi vatiou. 

Column (3) gives the results of my measurements of the nogatho 
of the spectrum of ft Ciueis, those under head I being my first essays 
u the moasui cment of any photographed spectrum, those undri 
head II being the results of my second measurement, including all the 
lmos which could be detected undermost careful and repeated scrutiny. 
Each result in series I depends on two pointings, each in series II on 
four pointings 

The lines whose wave-lengths die given to two decimal places of the 
tenth-met to, wore measured with a magnifying power of fifteen diameters, 
those give to one decimal place with a power of only tluee diameter 
—the lilies of the latter class i>eing \oiy faint and only certainly 
visible undel a very low power. When possible, different non lines 
wore used in senes I and II for determination of the wave-lengths of 
the stellar lines 

The observations were not ai ranged toi determination of motion m 
the line of sight, but the exact coincidence of the star line 4417*06 
with the air (oxygen) line, and the general agreement of the stellar 
hydrogen and helium lines with their known wave-lengths, tend to 
show that the relative motion of p Ciueis to the Eazth on February 21 
did not exceed ± 3 kilometres per second. On that date the Earth in 
its motion round the Sun was moving towards P Crucis with a velocity 
of 18 kilometres por second, and consequently P Crucis is probably 
receding from the Sun with a velocity of 18 kdometies ± 3 kilometres 
per second. 

The whole of the known helium lines within the measured range of 
spectrum aio unquestionably present, as also are all known oxygen 
lines stronger than intensity 4 

The exceedingly faint lines :— 

P Crucis 4253*9 may be coincident with Nuovius 4254*1 - 1. 
and H. 4253*42, and 

P Crucis 4303*0 or 4304*0 may bo coincident with Neoviun 
4304*4 ** T. and H. 4303*8, 


• WnfcU, * Index of Speetra,' Appendix E. 
t * A P. Journal,’ iol. 3, p. 10. 
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but those coincidences arc very doubtful, and it is improbable that 
such very faint lines would bo represented, whilst the neighbouring 
line 4327*3, intensity 3, ih wanting on the photogiaph. 

The oxygen linos of intensity 4 which aie wanting, \u. —Neovms 
4463*4 and 4467 8 are in a portion of the jspoitmm which is Homo- 
what over exposed, and this fact piobably accounts foi the non-appear¬ 
ance on the plate Possibly also the relative intensities ot the oxygen 
lines at the tenipeiature and pressure of the atmosphere ot ft Cruris may 
be dilFeiont ftom then lelativomtoiiMtics m the conditions under which 
Neovius determined the intensities of the an lines (spark spectrum). 

Them remains howevei not the slightest doubt, that all the stronger 
oxygen lines are present in the spectium of ft Ciucis, at least between 
k 4250 and 4575, and this fact requires no fiutliei laboiafcory experi¬ 
ments for itb establishment It is almost equally mi tain that there is 
no tiace of true nitrogen lines m this spectrum 

Tho only measured lines of ft Crueis neai known nitrogen lines 
are .— 

Neovius 43tl*8 Intensity lfr ft Ciucis 4342 6 
„ 4523 0 „ 1 b „ 4522 84 

but it is improbable, although not impossible, that nitrogen lines of 
intensity (1) should lie present wlnht the strong nitrogen line 4507*7, 
of intensity 6, is absent 

Besides hydrogen, helium and oxygen, the spectium of ft Crueis 
shows tho probable presence of carbon (4267 2) and magnesiun 
(4481 17) These lines wore not included in the fiist measurement, in 
tho formei case because the line could not bo distinctly seen with tho 
higher power, m the latter because I was doubtful ot the existence of 
the line on account of a slight defect m the film at that point, but 
other negatives conhim its existence A contact positive from the 
original negative of the spectrum is sent herewith for reproduction. 

Tho spectra of ft Crueis, ft and e Cams Majoris, and probably 
ft Centauri are all practically identical. They all contain the three 
unknown strong lines 

4552*79 
4567 09 
4574-68 

besides the probable magnesium lino 4481*17, the lines of hydrogen, 
helium, the stronger oxygen lines, and the probable carbon lme 4267*2. 

Farther investigations on this glass of stars will be subsequently 
communicated; m tho mpanwhilo I forward also for reproduction a 
contact positive from a negative of the spectrum of e Canis Majoris 
taken on March 15 with tho single prism, in which tho slit has been 
focussed for lays of about k 4080, and with a comparison spectrum 

VOL. I.XV. K 
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from an oxygen tube, a leyden jar and air space being introduced in 
tho secondary circuit of the Ruhmkoift’ cod. (Soe Plate 8 ) 

This photograph shows the coincidence of stellar lines with the 
group of three strong oxygen linos, viz *— 

Jiomib T mul U. Intensity 

4076 3 4076 19 9 

4072*4 4072 34 9 

-1070*1 4070 24 8 

anrl other neighbouring oxygen lines beyond the range of tho three 
prism tiain The lines are all displaced towaids the red by motion. 

On Marth 15 tho Eaith by its motion round the Sun was receding 
from e Cams Minoris, with a velocity of 17 kilometres per second, 
which agices with tho direction of tho displacement of tho oxygon 
lines. Thuie has not vet boon time to determine tho constants of the 
single prism spot troseope, but this does not atlect tho question of the 
identification of the oxygen lines in the spectrum of t Canis Majone. 

The plates of the spectra of ft Crucis and € Canis Majom were 
exposed and de\ eloped by my assistant, Mr. J. Lunt 


« June 1, 1899. 

Annual Meeting for tho Election of Fellows. 

Professoi T G BONNE Y, Vice-President, m the Chair. 

The Statutes i elating to tho Election of Fellow’s ha\iug boon read. 
Dr A. A. Common and l)i J. II. Gladstone were, with the consent of 
the Societv, nominated Scrutators, to assist tho Secretaries m tho 
examination of the balloting lists. 

The votes of the Fellows present wore collected, and tho following 
Candidates were declared duly elected into tho Society — 

Barrett, Professoi William j Morgan, Professor Conwy Lloyd, 

Booth, Chailes, D Sc F.G S. 

Bruce, Da\ id, Majoi It A M C , Reid, Clement, F G S 
Fenton, Hemy John Horstman, Starling, Ernest Henry, M I). 

M'A Tanner, Professor Henry William 

Gamble, .James Sykes, M A. Lloyd, M A. 

Haddon, Piofei^or Alfrod Cort, Throlfall, ltichaul, M.A.' 

M-A Tutton, Alfred E., B.Sc. 

Head, Henry, M D. Windle, Professor Bertram Coghill 

Hele-Shaw, Professor Henry Selby, ' Allen, M.D. 

M.Inst C E ' 

Thanks were given to tho Scrutators. 
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June 1, 1899 

Professor T. G BONNEY, Vice-President, in the Chair 

A List of the Presents receivod was laid on the table, and thanks 
ordetod for them. 

Professor Ludwig Boltzmann, Professor Anton Dohm, Professor 
Emil Fischer, Dr Georg Neumayer, and Dr. Melchior Treub, were 
balloted for and elected Foreign Members of the Society, 

The following Papeis wore read — 

I “The Parent-rock of the Diamond m South Afuca ” By Professor 
T. G. Bonney, F.K.S. 

II 44 Experimental Contributions to the Theory of Heredity. A. 
Tolegony.” By Professor «J. C. Ewart, F.K S, 


11 The Characteristic of Nerve ” By Au.ustuh 1). Wallku, M D , 
¥.11 S. Beceived Febiuaiy 3,—Bead Fcbruaiy 16, 1399. 

The object of the present preliminary scries of experiments was to 
determine whether the excitability (or, as I should prefet to say in this 
connection, the molality) of living matter can be gauged by the rate of 
impact of a mobilising stimulus, in other words, whether, for various 
kinds of more or less mobile protoplasm, an optimum stimulation- 
gradient can bo found, al»o\e and below winch the curve of stimulation 
is less perfectly adapted to the movement caused by stimulation. In, 
c.fj , the case of the rolling of a ship, there is an optimum wave-length 
and wave-face outside the limits of which the 44 mobilisation ” is less 
than maximal. And just as the optimum wave-length giving greatost 
movement by least energy harmonises with and gives therefore mea¬ 
sure of the oscillation-penod of a particular ship, so the optimum 
gradient of mobilising energy producing greatest excitation by least 
energy, might lie expected to give measure of the excitation-penod 
pioper to a particular tissue, awl to charm tense that tis$iu\ 

The best instrument at our disposal for an examination of this point 
is obviously a condensei, of varied cupieity, chargod at varied pres¬ 
sure. This method of excitation has boon put into effect by several 
previous observers. Chauveau(l) first systematically studied the 44 law 
of contractions,” and demonstrated upon frog’s nerve that the make 

it 2 
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excitation is kathodic. Dubois (4, 5), of Bern, studied the law of con¬ 
tractions upon human none, and came to the conclusion that the 
greater and smaller effects of condenser discharges are governed by the 
greater and smaller tpmnhUn s of electricity in play Iloorwcg (11, 12), 
Cybulsky and Zanietousky (1), 10) studied the effects more closely 
upon frog's nerve, the first-named observer concluded that the effects 
are a function of intensify , while the last two observers, from very 
similar observations, concluded that the magnitude of excitation is a 
function of mntpf. Salomonsen (8), Boudet (2), and D’Arsonval (C, 7) 
come to the same conclusion, and the last-uamcd obsener makes use of 
an expression—“ la charactei wtique tie Vexcitation ”—very similar to 
the designation that I had been independently led to adopt, m ignor- 
anco of its previous use in a different sense 

The problem is, T think, to be consider etl from the following a prion 
point of departure —A stimulus arouses excitable matter by reason of 
its actual energy and not of its mere quantity A weight per sc is not 
a stimulus, but a weight dropped fiom a height acts as a stimulus that 
is to be expressed m terms of energy One gram fallen through 1 cm. 
strikes and stimulates with an actual energy of 1000 (or more precisely 
981) ergs. Similarly, as regards the electrical stimuli afforded by the 
(charge or) discharge of a condenser, it is neither the quantity (cou¬ 
lomb) nor the pressure (volt) that alone gives measure of tho stimulus, 
but the energy (.Joule or 10 7 ergs) of that quantity at that pressure 
A nerve (or other excitable tissue) may be struck and stimulated by 
an electrical energy of so many ergs And wo .ire adequately 
acquainted with the physiological value of a stimulus when we 
know.—First, its absolute value m ergs or fraction of an erg Second, 
tho rate at which such energy impinges upon and sets in motion the 
excitable molecules under investigation. 

Tho absolute value of a true minimal stimulus m ergB or fraction of 
an erg, is ascertained by determining the optimum capacity and vol¬ 
tage at which a minimal response is obtained The energy E m ergs 
=- 5 FV-, where F is in microfarads and V in volts 

Its rate of impact depends upon tho late of (chaigo or) discharge 

y 

— x a constant, where It denotes the resistance in circuit m 
H tt 

ohms, and can therefore be expressed by a number that will bo higher 
or lower according as tho rate of discharge is greater or smaller.* 

* With the samp units an above, and with the unit of time = 10 -fl second, the 
oonstant is 0 8087. In the subjoined data it has been taken as 868700 for the unit 
of time ■* 1 second. 

For certain ends it is convenient to indicate the rote of discharge of energy by 
stating tho time necessary for its fall to any gnen frnction 1/a of its original valne, 

according to tho formula t — V K n ; e?, with a capacity of 001 microfarad, 

a lou t 
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The number of the true minimal stimulus at optimum capacity and 
voltage, is what l propose to designate us tho characteristic, or other¬ 
wise stated—tho charat tensile is tho constant of the cuivo of the 
smallest discharge of energy that can provoke movement, or of tho 
discharge of energy provoking greatest movement. 

By suitable adjustment of capacity and roltago we may obtain tho 
discharge of any dcsited energy—at any desired rate, if we also know 
the resistance through which discharge is made Fiom a small con¬ 
denser at high \oltage, and from a laige condenser at low voltage, we 
may obtain the discharge (of equal quantities or) of equal energies, 
but in tho fiist case rapidly and in the second case slowly. ^\o may 
so adjust capacity and voltage, as to delivei constant energy in a 
series of curves of varying steepness, and find by experiment tho 
more or less precise limits of steepness between which the motion or 
excitation is greatest The number denoting that steepness of energy 
discharge by which a nerve is most economically mobilised, signifies 
the optimum adaptation of excitation to excitability, and is its cliaiac- 
teristic At that number the nerve is excited by the minimum of 
energy With a stimulus of higher or lower number, moio energy is 
necessary to produce an equal effect 

Taking either a rcmcs of stimuli of given energy, but of varying 
gradients, as in expeiiments l and D, vie are to observe at what gra¬ 
dient tho maximum effect is pioduecd Oi as m oxpeiiment 2, making 
a aeries of trials with varying amounts of energy fiom varying 
capacity and voltage, we are to observe at what minimum energy 
dischaige tho smallest perceptible eflect is produced, and thence cal¬ 
culate the characteristic. 

And oven without a( tually determining the characteristic by means 
of its upper and lowoi limits, wo may often usefully ascertain whether 
it is above or l>elow a lowest oi highest constant at the end of a series 
of experimental data Thus in experiment G, a minimal energy has 
not been reached, and we cannot thcieforo say that tho characteristic 
has been determined , we know however, that it is less than 10*4. In 
oxpenmont 4 tho characteristic, as defined above, has not been actually 
11382 and 0*6 since the stimulus has not been truly minimal; but 
these values have been those of the constants of suitable stimuli not 
far from minimal, ami we know theiefore that the characteristic has 
been nearer to the higher value at high temperature, nearer to tho 
lower value at low temperature 

a resistance of 100,000 ohms, ami 1 jn =* 1, tho time of discharge of J of the original 
energy is 0 000093 sec. If the voltage under which this discharge takes plane is 
0*2, the original energy is 0 002 erg, and the number indicating its rate of discharge 
is 174. If 0 01 mf. and 0 2 v should be the optimum capacity and voltage of a 
minimal effect by excitation of a given nerve, i.e, a true minimal or optimal 
minimal stimulus, thru the number 174 is the characteristic of the nerve. 
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Strictly speaking, the term minimal stimulus in, e.g. t experiment 2, 
applies only to the two values 0 001134 erg and 0*002 erg in the two 
groups respectively, since in these two eases only is the energy of 
the stimulus at its minimum. 

But in accordance with ordinary tests by induction currents, the 
torm “ miiumal ” is applied to stimuli that are certainly not of minimal 
energy, blit that produce minimal effects And m this loose sense all 
the trials of the above groups give mnnmals, m the fiist group mini¬ 
mal ot effective capacity at the several voltages, in the second group 
minmmls of effective voltage at the several capacities. 

The ambiguity may be provisionally neutralised by making use ot 
tho expression (< optimal minimal” for the tiuo minima) stimulus qua 
its energy value, and by avoiding use of the term minimal for stimu¬ 
lation by induction shocks, or by condenser discharges of a gradient 
above or below tho optimum or characteristic gradient. 

Tho vu'thxl followed will bo most readily understood by considera¬ 
tion of the diagram. 

(A) The apparatus for excitation, composed of battery, condenser, 
and a Morse key, is connected with the nerve of a nerve-muscle pre¬ 
paration by unpolansablo electrodes, tho circuit being arranged so that 
charge of the condenser is at contact//, and does not traverse the nerve, 
while discharge is at contact b 9 and alone traverses tho ncrVe During 
excitation tho key Kj is closed, and the key K 2 open. 

(b) Tho apparatus for measurement of resistance, composed of 
battciy, Wheatstone bridge, and galvanometer, is connected with the 
nerve by opening the key Ki (and closing the key K^) 



«,«.—ifm rmW 


To obtain fractions of a volt the disposition figured in the smaller 
diagram t was adopted. 
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The muscular contraction was watched for, and occasionally recorded 
in the usual way. 

As regards the human subject, the circuit was as bofoie, a Stohrcr’s 
battery up to 60 volts being used to charge the condcnsci One large 
eloctrodo (the “ indifferent ” eleettode) was strapped to the abdomen , 
a second small electrode (the “ testing ” electrode) was lbved mer an 
accessible nerve, such as the ulnar, median, or }>en>nettl. 



To illustrate rule of energy disHmrge unit Approximate guubents when the 
constant has notions than twu digits nor more than three digits lhe shaded 
area indicates rurigu uitlmi which 1 lie nerve rharaoUrjitK must have tullen 


The procedure was of three types —(1) To take a series of com¬ 
binations between \ oltage and capacity, so as to deliver constant energy 
at various tales, (2) to take a series of voltages and find for each 
voltage the smallest capacity at which contraction was visible; (.*1) to 
take a series of capacities and find for eaLk capacity the smallest voltage 
at which contraction was visible. 

The first plan has the considerable) advantage of permitting the use 
of a myograph. It is chiefly serviceable for the purpose of a pre¬ 
liminary orientation, t r , when it is desired to find quickly the rango 
at which the characteristic is to be looked for. Having obtained a 
minimal effect with any given voltage ami capacity, the next test is to 
be made with half the voltage and four times the capacity, i c. y with 
the same energy as before, but with that energy falling by a curve 
with a constant equal to onoeighth of the constant of the previous case. 
If the effect is manifestly greater, tho voltage is again to be halved and 
the capacity quadrupled from the starting point of a new minimal 
effect. If, on the othor hand, after tho first step in reduction of the 
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constant, there is no effect at all, a test is taken m the opposite direc¬ 
tion, with double tho Wtage and ono-fomth the capacity, i.c., with 
the constant of the original energy curve multiplied by eight. 

Tho second plan aflords a rapid survey of the wliolo field of stimula¬ 
tion. When emngv is varied by vaiiation of \oltago at any given 
capacity, it vanes as voltage squared, and the constant of its curve is 
augmented dneclly as the voltage The step from maximal to sub- 
nnnimal stimulation is comparatnely laige when we test at a series of 
diminishing \ ullages, and a voltage is soon t cached at which no 
increase <>t capacity, howcvei great, can bung out an eilcctivc stimulus, 
the constant of the energy euivo being lowered as capacity is increased 

Tho thud plan is useful only for elosei deteimunition of an optimum 
gradient, when the i.mge witlun whn b it is to be sought for is .ippioxi- 
mately known When energy is taned by \auation oi cujwtcity at any 
given \olt«igo, it \anes directly as wipacity, but the constant of its 
curve diminishes as capacity is increased, a small inclement of 
energy is obtained at a ieduced gradient, as compared with a largo 
inclement of energy at a raised giadieut obtained by increase of 
voltage. 


Kxp. 1.—Nerve-musilo Pre])aration liesi^t.nue of Non o + Electrodes 
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Exp. 1. 



m 

The constant of the? optimal minimal stimulus (* r , the characteristic) 
is 130. Tho energy falls to \ of its original value in ucaily , „ f 0(l see 
The second portion of this evpeiimeut, although less typical than 
tho first, exhibits a Mnulai diaracter The minimal stimulus is highei 
and of lnghei gradient, hut further experiments will ho icquired 
before we may admit this latter change to he other than an accidental 
effect In other experiments there has been diminution of minimal 
stimulus with lower gradient 
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Exp. 2 —Frog. Sciatic Nerve. II = 80,000 w.* 
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Ihjliwnci' of Tvmjn i atine. — The characteristic of nerve is very sensitive 
to alterations of temperaUu e, being raised by high temperature (30"), and 
depressed by low temperature (5 P ). Gotch and Macdonald have shown 
that stimulation of nerve by break induction shocks is favoured by heat, 
disparaged by cold, and that stimulation by the constant current is 
favoured by cold, disparaged by heat {13) t The present experiments 
show clearly that short stimuli (energy curve of high number) are 

* In the first, group of tnnW given voltages are taken, and the minimum effec¬ 
tive capacities nought for The diavuctenatic « 270. 

In the second group given capacities are taken, and the minimum effective volt¬ 
ages sought for The characteristic - 217. 

f G. and M. allude to condenser excitation, but did not employ it correctly 
They supposed that a “ short ” minimal stimulus could be obtained from a con¬ 
denser of 0 5 microfarad. 
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effective at high temperature, ineffective at low temperature, while long 
stimuli (energy curvo of low number) are effective at low temperature, 
ineffective at high temperature. 

These results indicate further a point of probably considerable bio¬ 
logical significance, inasmuch as the elmiuetenstic of frog’h nerve at 
high temperature is found to approximate to that of mammalian nerve. 
Thus, whereas the characteristic of frogs nerve at room temperature 
(16° to 18°) is represented by a numbei of three digits, and that of 
human nerve at normal temperature (37 ) by a number of fivo digits, 
the approximate characteristic (* e , the constant indicating the gradient 
of a suitable stimulus) of frog’s nerve at high temperature (30 J ) is also 
expressed by a number of five digits These and other data are 
tabulated in the concluding summary. 
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For the first trial at 32“ the voltage is taken at 1*4*1, and the minimum 
effective capacity is sought for and found to bo a little lielow 0*0015 

In the second trial at 5°, the capacity is taken at 0 5, and the mini¬ 
mum effective voltage is sought for ami found to be a little below 0 24. 

The first or shoit stimulus is immediately rendered ineffective by 
cooling. 

The second or long stimulus is immediately rendered ineffective by 
warming. 
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but only tho constants of n short and long cun oof minimal but not optimal minimal 
•timuli. An optimal minimal stimulus is rendered ineffective by heating and by 
cooling. The alterations of resistance by altoiations of temperature have not been 
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Exp 4 —Effects of High and Low Temperature upon Characteristic of 

Nerve. 

U - 130000 w 
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Proccdiuo similar to that of pievioiis expeiimcnt. 

The characteristic is raised l>y heat, loweiod hy cold, as in the pre¬ 
vious experiment 



* 1 microfarad, 0 ’09 volt. 


t O *0007 microfarad, 1 ‘44 volt. 



The Characteristic of Nerve 
Exp. 5.—Cat. Sciatic Nerve, It = 17000w 
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Exp. T) 



The method of trial was to start with given \oltage and find mini¬ 
mum effective capacities. 

In the first group of trials the characteristic is 21G5 ; in the second 
it is 613. 

The constants of minimum effective stimuli at various voltages are 
higher in the first than in the setond group. 

Short stimuli are relatively more effective in tho first gioup, long 
stimuli in the second group 
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Exp. 6.—Cat. Phrenic Nerve. R = 30000 w. 


F. 


FV* 

5FV 2 

c. 







BOO 

0 0012 

1 H 

; n 00173 

0 012442 

34700 

0 000025 

0 0021 ! 

0 72 

0 00151 

0 005443 

9960 

0*000041 

0 0000 ] 

0 36 

. 0 00210 

0 *003888 

1740 

0*000126 

0 0170 i 

0-18 

0 00300 

0 002764 i 

307 

0 000353 

0 0300 1 

<1*09 

0*00270 

0-001215 

87 

0 000624 

0 1000 

0 036 

| 0*00360 

0-000648 

10 1 

0 002080 



A fo\> mimiteB later 



0 0086 1 

1*44 

0 01224 

0 088128 1 

4910 

' 0 000177 

0*6000 , 

0 36 

0 21600 

0 388800 | 

174 

t 0*012500 


Voltage given, capacity looked for 


Dxp. G. 



Exp. 7.—Man A Ulnar Nerve R -- 12000. 
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Exp. 8 —Man B. Ulnar Nerve. 
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Addendum iem\ed Februiuy 10, 1899 

Sensfficatw y Stimuli. 

In the attempt to determine a “ characteristic ” of various modes 
of sensificatory stimulation, I encountered the doubt, and, therefore, 
difficulty, inherent to all investigations whero the experimental 
criterion is a subjective one—by appreciation of minimal sensation. 
This broad distinction was, however, clearly apparent, that whereas 
for seiies of stimuli of motor nerves the minimum exciting energy 
decre.*ised to a minimum from which it roso again (diminishing voltage 
and increasing cajiacity), the energy of sensory stimuli of increasing 
duration decreased indefinitely towards a minimum value. Within 
the limits to which my experiments extended, decrease of energy was 
mado up for by increase of its duration. 

Testing on the human subject for minimal felt effect, by looking for 
minimum effective capacity at a series of given voltages, I found it 
difficult to distinguish between apparently different qualities of 
minimal sensation. In the ease of cutaneous nerves, it was generally 
impossible to say whether the smallest “something felt” was directly 
cutaneous or directly subcutaneous, or indirectly subcutaneous, by 
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reason of some muscular contraction In the case of thor eye it was 
often difficult to toll whether the smallest “something felt” were a 
slight common sensation or a slight phosphene 

In the case of the eye this point, however, came out with satisfactory 
distinctness, \iz , that low in the energy scries, i c , with longer stimuli 
by lower \oltage at gicater capacity, tho subject of experiment is 
more conscious of a “ flash ” (optical sensation) than of a “ stab ” 
(common sensation), whereas high in tho energy senes, viz., with 
shot ter stimuli by higher \oltago at lower capacity, tho subject feels 
a “stab” (common sensation) more readily than a “Hash” (optical 
sensation). This indicates that longer stimuli aie bettei adjusted to 
the excitability of the retina, shoitei stimuli to tho excitability of 
common sonsoiy terminal organs. 
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This principal conclusion is confirmed by experiments conducted on 
the first plan of procedure, \iz., by testing with, stimuli of equal energy 
VOU LXV. s 
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at various gradients. To this end I found it convenient to first settle 
upon a minimal sensation at a given mean voltage, and then to make 
two further trials, one at half the voltage and four times the capacity, 
the other at double the voltage and one-fourth the capacity. Each 
group of three tests was thus at the same energy, hut with the con¬ 
stants of the three discharge curves in the proportion 1, 8, 64 The 
minimal sensation having been settled with the constant at 8, it could 
bo inferred from equality or inequality of the effects at higher and 
l6wer constants, whether the constant of a fitting stimulus lay above 
or below either of the two extremes. 
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To verify the statement that at equal energy retinal stimulation pre¬ 
dominates when the gradient is low, and common sensory stimulation 
when the gradient is high, it is preferable to take stimuli above the 
minimal and with larger difference of gradient, as e g ., in the following 
experiment.— 


Anodo on Eyeball. Kathode on Abdomen. R = 9000 ohms. 
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“ Tho Parent-rock of the Diamond in South Africa.” By lhro lessor 
T. G. Bonney, DSc, LL1>., VP It 8. Received May 1,— 
Read June 1, 1899 

So much has boon written on the occurrence of diamonds in South 
Africa that a very few words may suffice as preface to this communication 
References to many papers on the subject are given in ‘ The Genesis 
and Matrix of the Diamond 9 (1897), by the late Professor H, Carvdl 
Lewis,* and others h.ive been published since that date.t It may 
Miffico to say that the diamond, first discovered in 1867 m gravels 
on the Orange River, was found three years later in certain pecu¬ 
liar deposits, which occur locally in a region where the dominant 
rock is a dark shale, sometimes mterbedded with haul grits, or aw> 
ciated with igneous rocks allied to basalt. These deposits occupy 
areas irregularly circular m outline, and bearing a general resemblance 
to volcanic necks The duimantifeious material, near the smface, is 
soft, yellowish in colour, and obviously much decomposed; at a greater 
depth it assumes a dull greenish to bluish tint, and becomes haider 
At the well-known De Beers Mine, near Kimberley, tho works m 1898 
had been carried to a depth of about 1,500 feet, and the diamantiferous 
material, for at least the last 100 yards, wjls not less hard than an 
ordinary limestone It has abroeemted ;ispcct, the dark, very minutely 
granular, mati ix being composed mainly of sex pontine (about four-fifths 
of the whole), and of a carbonate of lime (with some magnesia and a 
little iron). In this matrix are embedded grains of the following 
minerals —Olivine, enstatite, smaragdite, chrome-diopside (omphamo 
of snmo authors), a brown mica, garnet (mostly pyropo, but more than 
one variety observed), magnetite, chromite, llmonite, with several other 
minerals much more^sparsely distributed. 

Rock fragments are also present, variable in size, but commonly not 
exceeding about an inch in diameter, as well as in quantity. These, 
occasionally, but not generally, are rather abundant. In some cases 
they are chips of the neighbouring black shale, but in others they are 
greyish-colourod with somewhat of a porcelain aspect. The latter are 
generally subangular in form and externally banded or bordered with 
a darker tint; crystalline rocks have also been noticod, though these 
appear to be far from common, such as granite, dioritc, and varieties of 

* Edited by tho present writer. 

t Jules Garnier, ‘Geol Soc. South Africa Trans.,’ 1897, p. 01; II. S. Harger, 
ibid, p, 184, gee also W. G Athorstonc, ilxd , 1896, p. 76 j L. De Launay, 
1 Oompt. Bend.,' vol, 125 (1897), p 335. Tlie last author, m *Les Diamante du 
Cap' (Paris, 1897), gives a very full account of tho minee, but aa even better one 
will be found in Max Bauer, 1 Edelsteinkundd ’ (Lcipsig, 1896, p. 208). 

H 2 
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oclogite * As to the genesis of the diamond, more than ono opinion 
has been expressed. Professor Lewis legarded the matrix as a poiphy- 
utic form of peiidotite, once a lava, now 8erpentimscd,t in which the 
diamond had been formed liy the action of the molton rock on some 
taibnnaieous mutcual (probably the Karoo shale). Others regarded 
the inatiix as a tine bieccia, com paling it with the agglomerates in 
volcanic locks Put among the lattei, some thought that the diamond 
had keen produced m s itn l>y the action of steam or hot water m a 
subsequent snlfatane stage of the volcano, while others (including 
mw'lt) held that it had been formed, like the garnets, pyroxenes, Arc , 
in some deep-seated holm ry stall me mass winch had boon shattered by 
explosions X 

The specimens which I am about to desc ribe were obtained at the 
New lands .Mines, West Gnqualand y from 40 to 42 miles from 
KimbeiIcy, almost due N W. Heie the workmen occasionally came 
an oss vvcll-i oniulcd boulder-liko masses of rather coarsely crystal¬ 
line rock, studded with garnets, which are sometimes about a foot 
in diameter Specimens of these woio found or obtained by Mr. G 
Tmbetibucli, the London managei of tho Nowlands Diamond Mine 
Company, during a visit to the mines m 1897 His interest had 
already been aroused by puking up a specimen, piescntly to be noticed, 
in wlnth some small diamonds occurred, vciy closely asso< luted with 
a garnet, so the bouldeis were brought back by him to England On 
laiefnl ex.imination a small diamond was detected on the mu face of one 
of these Oil breaking the boulder others were revealed. The most 
interesting fiagnient was sent by Mr Tiubenbaeh to Sir W. Crookes, 
who showed it to ine Examination with a hand lens convinced me 
that the lock could not bo a coiuietion of the “blue ground,” but was 
ti uly holociystallino and allied to tho cdogites Sir W Crookes 
gonciously waived lus owm claim to study the specimen, and obtained 
foi me permission from Mr Trubenbach to have slues cut from it I 
gladly take this oppoi tiunty of expressing inygiatiliulo to both gentle¬ 
men , to Sir W Crookes, for allowing me to carry out this interesting 
investigation, and to Mr Trubenbach ioi his great liberality in placing at 
my disposal a considerable suite of specimens (including other boulders) 
fiom the New lands mines, and for the trouble which he has taken in 
iiHoidmg me the necessary information 

* V W Stelrncr, ‘Sit/ungsbcr u Abhandl tier Ibis' (Dreadon), 1893 (April), 
p 71, calls attention to the fact that these show signs of attrition anil that they 
range in size from a few cubic millimetre* upward*, being sometimes large ftoulilors 
Among tlio inntcriuls (at Kimborlei) lie mentions both granite and eclogiLo. 

t For the lock itself he proj>osc<\ tho name “ kimberlite ” 

t In other words, that the voKano (as occasionally 1ms happened) had ejected 
little or no lain or s< oria, di*chniging only Mcam and hot water, with shattered rock 
Ibis now is held by Max l»uuer, in 4 K delate ink unde,’ p 225, which, however, I 
had not seen when tbi<* paper was wutreu 
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Tvxor to the diseovciy, just mentioned, one or two instances had 
occ uried at the Do Beets Mine of a diamond appal ently enclosed by 
or projecting into a pyropc. One such, the garnet being the size of ,i 
rather largo pea, is in the collection .it Fieiberg (Saxony), to wlinh it 
was presented in 1802 * 

The specimen found by Mr. Tmhenbaih at tho New lands mine, w as 
a piece of blue ground, with a pyiope projecting fiom one angle 
A small, apparently broken, diamond seems embedded at the top 
The otherH (live) are well eiyntalhscd, two on one side, three almost in 
contact on the other The pyrope (which has a kelyphite nm) seem- 
lo 1)0 indented by two, but to hirve once included the others, as the} 
are in contact with the unaltered mineral. Wo weie thus In ought so 
tar as to associate tho diamond with the pyrope, though tins pro\e<l 
no more than the picnence of garnets in the parent rock of the diamond, 
and thus made the cclogite (already known to occur) highly probable, 
tor, as observed by Professor li Bcckt, the specimen itself is blue 
ground. In confirmation of his statement I pul sensed a fragment,} 
and had that the powder corresponds with the matrix of the blue 
ground when similarly treated The latest discoveries enable me to 
complete the chain of evidence 

Ethuftfc Jhwhhts (Ohttmuiaj huumnuh 

The first named, that containing seseial diamonds, is a fi figment 
(perhaps from a quaiter to a third) of a boulder, which probably wa* 
ellipsoidal m shape, two of tho axes being nearly equal and the third dis¬ 
tinctly tho longest. We may infer that it was rounded from a loughly 
rectangular block, since the curved surfares are slightly flatter m the 
middle parts The axial lengths m the fragment (prior to removing a 
piece from one end) wero approximately 4 in by 3 m. by 2 in. 
The rock is coarsely gianulai, apparently composed of two green- 
coloured minerals, one darker than the other (possibly only different 
states of a single mineral), and of rich resin-pink coloured garnets, 
varying in size from a hemp seed to a pea, wnth slightly irrcgului 
<listnbution. The outer suiface of the boulder, except for a very small 
“step” on one side, is smooth, the garnets barely, if at all, projecting. 
The latter are covered with a rather solt, dark skin, sometimes slightly 
thicker than the thumb nail, which often has partly fallen ofV. This, 
as can be seen on the broken surfaces, bocomcs less conspicuous in the 
inner part of the l>ouldor, and is sometimes invisible to the unaided eye 

# A. W. Stelzner, ‘ Sitzungber (ler Isis xu Dresden/ 1893, s. 85, and R. Reek, 
'Zeitsch. tttr praktische Geologio/ 1898 (May), p. 163. 

t Vt supra, 

t I oould not advise Mr. Trubenbach to have a slice cut from tho specimen, as l 
feared it might be injured, but ho kindly detached a little fragment from tho oppo 
site end to that named nboic, which I have thus examined. 
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Two small diamonds are exposed on the curved outer surface, one 
about half the other about one-fifth of an inch from the edge of the cross 
fracture. On the latter surface, nearly an inch below the last named, 
three small diamonds appear to he in a lino touching one another, and 
neai them uro two others,* all four within a space about three-quarters 
of an inch square, an eighth diamond is about an inch and a half 
away (on the same face) , a ninth, alxmt one-fifth of an inch from tho 
top edge , and a tenth occurs on tho largor cross-fractured surface, but 
near to the edge of the other one. These diamonds aro octailedru in 
fomi, generally with stepped faces—one, at least, apparently twinned— 
perfectly colourless, with hiilhant lustre, the largest being quite 0*15 
uwh from apex to apex, tho smallest not exceeding 0*05 inch. All 
seem to be embedded in the gieen part of the rock. As the outer 
pait of tho boulder looks rather more decomposed than the inner, I had 
a piece removed from one end, thus enabling me to study the mass to 
a depth of more than an inch from tho surface, ami examined a strip, 
about 4 inches long, in a series of five slices 

The late Professoi Lewis has given, in the volume already mentioned, 
so full an account of tho minerals which occur m the “ blue giound," 
that it will lie needless on tho present occasion to do moro than refet 
to his descriptions,! only calling attention to any variations in tho 
mineral constituents and their association in these oclogitcs, Theso 
constituents are.— 

1. (tt) (hanrt (Pyropo).—In tho slice those appear a light tawny or 
yellow ish-red tint, retaining this tint (though much lighter) under tho 
micimcopc \ They aro generally clear, with frequent and irregular 
ciacks, but aro occasionally traversed by wavy bands of minute en¬ 
closures of a pale brown filmy mineral, which is rather irrogular in 
outline, very feebly pleoehroic, and givos with crossed nicols fairly bright 
polarisation tints Similar minerals sometimes have formed along the 
cracks They aro probably mica, or possibly chlorite, and indicate 
incipient decomposition. The garnets towards tho outside of tho 
boulder, as already said, are onvelopod in a “ skin,” and tho microscope 
shows that it usually exists inside, though there it is thinner. In the 
former case it is generally browne%in colour ami more distinctly 
crystalline, corresponding in cleavage, pleochroism, &c , with a mica of 
the biotite group, m the latter it is greener and more filmy with an 
aggregate habit and seems to project into the garnet. I rogard it as due 

* It is possible that these two form a twin crystal, hut I think they are separate. 
As tho point unimportant, I have not attempted to clear away tho matrix. 

t Wo must also not forget the paper by Professor Maskolyne and Dr. Flight 
(‘ Quart Jouro. Geol Soc ,* vol 30, p. 406), in which several of these minerals are 
described, analysed, and identified. In fact the authors ascertained everything 
that was possible* with the materials then obtainable. 

J Unless it is expressly stated, the use of a I-inch objoctne may be assumed. 
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F 10 .1.—Section of the diamond-bearing eclogite. Pyropes with narrow kelyphite 
borders, and chrome diopside mtercrystalhsed The chnopmacoidal cleavage 
of latter visible in the lower part of tho section. 



to decomposition, a foim of tho well known kelyphite rim, sometimes 
a mica, sometimes a chlorite, possibly now and then associated with 
a little miuuto hornblende. In a few cases a “ rim ” is brown in tho 
outer part and green within. The constituents tend to a parallel 
,hor than a radial grouping. The garnets occasionally contain 
ito branching root-like enclosures grouped in bands. Though thoso 
n polarised light, I regard them as empty cavities, and attribute 
this to diffraction. 

(i b ) Chrome-tUopside .—The mineral described under that name by 
Professor Lewis, and referred to by others as omphacite or sahlite. The 
individuals are sometimes about a quarter of an inch long. In thin 
slices it is a pale dullish green colour, inclining to olivo; under the 
microscope, a pale sea-green, with a trace of pleochroisni. It has one 
strongly marked cleavage, not however nearly so close as in ordinary 
diallage, and a second weaker, sometimes approximately at right 
angles to it.* On examining flakes, obtained by crushing, I find the 
strong cleavage to be clinopinaeoidal and the other probably basal, 

* One may give a general idea of their relative importance by comparing them 
to the columns and cross-joints in some basalts. 
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and obtain on a chnopinacoid an extinction of 35' with a prism edge. 
It ih in fact identical with tiie pyroxene described by Professor Lewis* 
as chrome-diopside. In it (though rare) are small rounded enclosures 
of a greenish mineral aggregate much blackened with opacite I 
regard them as alteration products of a foiiiferous olivine. This 
diopside, at the exterior and along cracks, is often conveited into 
a minutely granular to fibious mineral, which gives a “dusty '* aspect 
to that pait of the crystal, when viewed with transmitted light, and 
a whitish-green one with reflected light This often terminates in a 
minutely acicular fringe, piercing the original diopside. Its grains 
occasionally are a little laiger, showing a cleavage, dull green in coloiu, 
fairly pleochroic, and having the extinction of hornblende. A process 
of secondary change, as in uralite, is no doubt indicated. Now and 
then a tiny film of blown mica otcius in this part or even in a ciaik 
in the diopside. 

It is this alteration product which gives the mottled aspect men¬ 
tioned above as visible to the unaided eye, so this is not indicative ot 
a third important constituent in the original rock. In one of the 
slices the mica just named attains a larger size (about 0 03 inch across), 
has a fairly nhomorphic (hexagonal prism) outline, anti is not rcsti icted 
to the margin of the garnet In this case it is generally associated 
with calutOjt which it tends to surround, and that in one place encloses 
a radiating acicular mineral (? a zeolite); m another the calcite, or some 
other carbonate, is mixed with a serpentinous material. Distinct 
granules of non oxide are piactically absent from the slices, though 
here and there it may ho indicated by some opacite. I have not found 
spinel, or rutile, or zircon, or pscudobrookite. In fact, putting aside the 
diamonds, tho rock in its unaltered condition was a coarsely holo- 
crystallinc mixture of chromu-diopside and garnet, with a few Hmnll 
enclosures of olivine, in other words, it was a variety of cclogite and 
of igneous origin J 

2. A fragment (probably about one quarter) of a flattish ovoid 
liouldcr.—Tho two broken surfaces, which are nearly at right angles, 
measure 5 and 5J inches, roughly, and it is about 3J inches high. The 
rock very closely lesembles the one just described, except that mica occurs 
rather oftencr and in larger flakes; perhaps the garnets (here also not 
quite regularly distributed) aro slightly more numerous. The outei 

* Loc. nt , p 21. 

t From tho facts I tlunk it probably of secondary origin. It reminds mo some¬ 
times of tho brown mica produced by contact metamorphism. 

t I am, of course, aware that eclogite, in the past, has been regarded bj «omo 
geologists as a metaworphio rook. Apart from the fact that several rocks once 
resigned to tins class are now, with good reason, regarded as igneous, I have had 
several opportunities of studying eclogite, and have no doubt as to its origin. Take 
away the alkali from a magma with tho chemical composition of a thorite, and the 
result would bo garnets in place of febpar, i e , an eclogite. 
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surface is not quite so well present'd, though enough remains to show 
that it also has been smooth, and a tew thin xemsni a white nnneial 
(calcite *1) traverse the mk On this mm face, neai the meeting of tho 
two fractures, and exposed by the lemowd of a little material 
(ir it might oiiginally have been just hidden) is a diamond (octa¬ 
hedron), uppaicntlv about 0 1 inch in diamotei On one side it rests 
against a pyrope, tho adjacent smfare ol wliuh is imuivcd, tho 
iw T o minerals being paited >»y the dull gieeiwoloured kclyphitc rim 

FlG 2 — (bnu'l nml dmimvml (dmgrivnniMl n , rntulv tviir ntluinl M7e). 

(1) Diamond, (2) mmirt, (3) kcl\pinto inn. 


J 



of the latter, which is about 0 03 ineli m thukness Thin sections of 
this boulder correspond almost exactly lvifch those from the other, the 
garnets showing precisely the same tints, though tiaces of a cleavage, 
{roughly parallel throughout) are perceptible on close inspection, and 
are distinct under tho microscope In garnet such a structure com¬ 
monly indicates pressure, and the general parallelism accords with this 
■explanation, but tho other constituents show no signs of crushing. 
The “ kolyphite” rims to the garnets are peihaps slightly broader and 
the brown mica passes into a green (chloritic ?) mineral, and occupies 
cracks in tho garnet a Iittlo more frequently, but as lief ore the con¬ 
stituents tend to lie parallel lather than radially One or tyo of tho 
diopsules show fine oscillatory twinning. Tho ciacks are occupied with 
calcite or some allied carbonate. There is no ical difference lietweon 
this eclogite and tho last-named one 


Erlofjite J)onldrn> without DuimotuU, 

3. Part of a boulder, which must have been about a foot in 
diameter (found at 250 ft. level). It presents a gcneial resemblance to 
the rocks described above, with, howevci, the possibility of a second 
green constituent. This is not confirmed on microscopic examination. 
The rock consists, practically, of pyrope and diopsido, as already 
described, except that negative crystals are rather unusually con¬ 
spicuous in the lattor. Into tho details of these, as the point seems 
not to have any bearing on the present investigation, I do not purpose 
to enter. 

4. A fragment, more irregular in form than the others, measures 
very roughly, about 7 in. by 4$ in. by 3£ in. It retains a good piece 
of tile outer surface, whi«h. though now a little corroded, w*as once 
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smooth. The roc k, which w rather decomposed and crumbly, consists 
chiefly of three minerals: garnet, not quite so largo, paler and more 
pink m colour than the last-named ; an emerald-green pyroxeno, and a 
yollowiah or greenirth-gvey, platy to fibrous mineral, suggestive of 
a second more altered pyioxone. In thin slices the paler and pinker 
tint of the garnet \oiv perccptihlo, its well as the tendency to a 
rude and generally pditillel cleavage, lint we find in it, under the 
microscope, a tew mirrohtliic enclosiucs, of an apparently colourless 
mineral, which octuis in long pi ism* ciosscd at about 70 J by an 
occasional transit 1 !so cleavage, and extinguishing at an anglo of about 
20° with the longer edge Many of the cracks exhibit slight decom¬ 
position, staiting from them, and are sometimes occupied by calcite 
The pyroxene, undei the inuioscopo, hardly differs from the one 
already described, except that the gieen tint is slightly richer ami one 
or two crystals contain the small dark brown nogativo erystals, com¬ 
mon in hyperstheno and diallage. The dominant cleavago, as before, is 
along the dinopuiacoid * The third mineral proves to ho an altered 
cnstatito, but I leav F o the details for the piosunt, as it is better pie- 
sorved in another rock A fouith constituent is also present, but more 
sparingly, viz., a pile brown mica, only moderately pleochtoic 
(phlogoplnte 1). It occurs generally in plates, averaging about 0 1 inch 
long. Tho minerals appear to have formed m the following order • 
(a) garnet, (b) diopsido, (r) mica, (d) onstatitc As before, iron oxides 
aro very inconspicuous ; thero may bo a grain or two (small) of ser- 
pontiniaod olivino. The marked presence of enstatite distinguishes, 
this rock from the others, but it differs from tho eulysitos by the substi¬ 
tution of that mineral for olivine, and so links those rocks to the more 
ordinary celogites, Tho occurrence of a little mica indicates the 
presence of a small amount of an alkali in the magma. If necessaiy 
we may name it new I.mdite, but personally I should prefor to call it an 
onstatito-cclogito, for I think the coinage of fresh titles more often a 
bane than a boon to science. 

5. This boulder is almost perfect, except that the general flatness of 
one side indicates either traces of an old fracture or considerable loss 
by crumbling. The surface has been smooth, but it has suffered from 
unequal weathering of the minerals. Its girth, in threo directions at 
right angles, is approximately 20J in. by 19 J in. by 17 \ in. It appears 
only to differ from the last-dcscnl>od in having its garnets a shade more 
purple, and in an approach to a banded structure; tho diopside being 
rather more abundant in a middle zone, the garnet in one, the enstatite 
in tho other of the outer zones. Being satisfied that it is merely a 

# As noticed by Professor Lewis, itt tvprd, p, 22, in the diopside the pmm 
cleavago has practically disappeared, and a olinopinauoidal cleavage replaces the 
orthopma widal usual in diallage 
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variety of the Ittst-describod rock, I have preferred to leave it as an 
intact boulder. 

6. The next fragment, measuring about 3 in. by 2J in. by 2 m , and 
letaining part of its smooth outer surface, is labelled “ found in the 
yellow ground of No. 2 mine,* 50 feet deep.” Though it is much more 
decomposed than the others, the purplish garnet, the emerald-green 
pyroxene, the altorod enstatito (hero very rotten), and a Hake or two 
of phlogophite (?) aio easily made out It is obviously a more 
decomposed specimen of the rock represented by the two preceding 
specimens 

7. The last of this group of specimens is alockfragment,t measuring 
about 3£ in. by 2 in. m length and breadth, and slightly exceeding an 
inch in greatest thickness Its outline is irregular, being determined 
by the fracture of the predominant diallagc-liko mineral. Tho crystals 
of this run large, an inch or more in length, lncadth, ami thickness. 
It is greyish-green in colour, having one dominant cleavage, with a 
sub-metallic lustre, and close subordinate cleavages, giving a somewhat 
fibious aspect to that surface. Between thase largo crystalline lumps* 
numerous small, ill-defined garnets (pyrope) seem crowded, so as to 
form fairly continuous partings, generally hardly 0*1 inch in thickness. 
As the readiness with which the rather soft pyroxemc constituent split 
away made it improbable that a good slice could be cut, and I was- 
roluctant to injure the specimen, I contented myself with detaching a 
feAv flakes of this constituent for microscopic work, since the deter* 
mination of its identity was sufficient for my pm'poso. These show tho 
mineral to have one easy cleavage and a rather fibrous structure ; they 
give straight extinction parallel with this. As the usual rings and 
brushes can bo seen on tho face of easy eloavage, the mineral belongs to 
tho bastite group. The sumo is truo of the enstatite in boulder (4), 
though, as it is slightly more fibrous, and not in quite so good a condi¬ 
tion, tho optical picture is loss distinct. Thus we may name the rock 
from which the present specimen has been broken, a garnet-bearing 
bastitite. 

8. This specimen, said to be a fragment of a Imulder, is very different 
from tho rest. It is a compact greenish-grey rock containing enclosures, 
which give it the aspoct, at first sight, of a pobbly mudstono. Micro¬ 
scopic examination shows it to be a compact folspathic diabase, with 
vesicles, which have been filled up with calcite, chlorites, and other 
secondary minerals (probably zeolites), but not to have any special' 
interest. Its relations appear to be with the rocks occurring in a con¬ 
glomerate which we shall mention in a later paragraph. 

* The others come from another mine (No 1) 

t I am informed that this was not part of a boulder, but came out of the blue 
ground " nearly in ifci present couditiou. 
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The “ Blue (hound ” and Associated Jlocks. 

Two areas of dianuntifcrous rock arc now l>oing worked at the 
New lands Mines. The shape of the ono which supplied most of the 
specimens desenbod in this paper is irregular, and, so far as I know, 
exceptional Its outline at the surface may he loughly compared to a 
1 ounded triangle into the Iwi&o ot which the point of a rather short 
shuttle is thrust, the greatest breadth of the two being about equal 
Exploratory wm kings at a depth of MOO feet show that the former 
area Tathei qmcklv nariows, and the latter teimmates in clefts. The 
“blue ground,” m fact, appears to fill <i fissure, bioadening in two 
places to vents, which has been timed foi some distance underground 
Mmthwards fium the principal mass ol diamantiferous rock, as repre¬ 
sented in the annexed section, where the latter is dotted 


Fig 3 



ft! 1 


An igneous lock (i) occnis on eithei side It is compact, a greeinsh- 
giey m coloiu, not unlike some of the less acid Welsh felstones. 
Under the microscope it is found to l>o much affected by secondary 
mineral changes, the iron oxides alone being m good preservation. 
A few small crystals of decomposed felspar are scattered m a yet more 
decomposed matrix, of which the minor details are uninteresting. The 
rock may be classed with tho compact, rather felspathic, diabases 
These walls of diabase, farther to tho south, turn off rather sharply to 
east and w-est. In the interval, about 12 feet m width, between them, 
ribs of tho “ blue ” and a mudstone alternate, tho thickest one of tho 
former being from 3 to 4 feet in width, and the inner part of it is in 
better preservation than the outer. Specimens have been examined from 
tho heart of tho mass (vii), a par}# outside it (vi), and the exterior portion 
(v). The first (vii) \n texture, hardness, and colour reminds me a little 
of the dark serpentine found north of Cadgwith, in Cornwall. In this 
matrix roundish spots occur, some darker than it, others a yellow- 
green colour, besides a few angular whitish spots. Tho block is 
traversed by two or three thin calcareous veins. Specimen (vi) while 
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generally similar is more decompose*!, and apparently contains some 
fragments of shale Specimen (v) has a stratified aspect, being a dull 
groy faintly mottled rock, with streaky, dark, rather caibonaceous- 
lookmg bands, the origin being doubtful, till it is seen under the 
microscope. A fourth specimen (m) shows the mudstone traversed In 
a vein of rather pale-colout ed decomposed “ blue,” not exceeding an 
inch in thickness. A fifth (n) is fiom near the diabase on the western 
side, a dark compact rock, faintly mottled, here and there presenting a 
slight resemblance to a “blue ” tTaversed by thin veins of a carbonate, 
and a sixth (iv) from a like position on the opposite side is a generally 
similar rock, but with wider veins filled with nious coarsely crystalline 
calcite. A seventh specimen represents the “blue” in the “ neck,” a 
few yards to the noith and at the same level (300 feet) This, interior 
m preservation to the first-named, includes numerous rounded fiag- 
ments a little darker than the matrix, with othcu, angular to sub- 
angular, some also darker arid some lighter than it 

A brief summary of the results of microscopic examination may 
suffice, as theso roths do not materially diftei from specimens obtained 
m the De Beers Mine, of which I have published a full account * 

The matrix is a nnxtuie, in slightly variable quantities, of gianules 
of calcite or dolomite, Rcrpentme, pyroxeno, and non oxides, in which 
occur flakes with fairly ldiomorphic outlines of a warm-brown mica, 
moderately pleochroic, corresponding with that described! in one or 
two specimens from De Beers Mine The prisms a^e about 0'00‘2 inch 
m diameter, and sometimes nearly as thick This mica, which, as 
stated in a former paper, I cnnsidci a sec on da 1 y product, oceuis abun¬ 
dantly in all the specimens, but in that from the liiteuoi (on the whole 
tho best preserved rock) it is locally assuming a green colour, no doubt 
by hydration In tho specimens from the thick rib, tho one last 
named contains mineral grains and rock fi agments. Except for a few 
Hakes of tho usual mica, the former are a mixture of two fibiou.s 
minerals, the larger pait corresponding with actmolite, tho lest, 
giving lower polansation tints, may Jmi serpentine. This fact, and 
structures suggestive of tho former presence of a cleavage moie regular 
than that of olivine, make it more prokible that diopsido was tho 
original mineral. Though iron oxide is present in specks and rods 
(especially in tho worse preserved specimen), this omus either in the 
outer part, 01 as though it had been deposited along t leauigu planes. 
In the thin rib of “ blue ” (lii), some of the giains are composed partly 
of a fibrous mineral, as above described, and paitly of a clear one, which 
often affords rather rich polarisation tints, and presents some lesein- 
blaiice to quartz. Its precise natuie is difficult to determine, owing 
to the absenco of distinctive characters, hut 1 believe it to be of sciund- 

• ‘ Geol Mag ,* 1803, ]> 402 , mill W7, j> 44S 

f ‘ Cleol. Mag / lt97, p]». 450, 451. 
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nry origin, Rock fragments are not common in the first (interior) 
specimen (vn) , one, however, is probably an altered shale, and another 
possibly a limestone. This is bordered by a pale, pyroxenic mineral 
piercing into the grains of calcite In the second specimen (vi) frag¬ 
ments are rather common ; among them are those of diabase, ranging 
from fine to coarse, one specimen of the latter, originally, perhaps, an 
inch in diameter, showing an ophitic* structure , felspar and augite both 
lieing rather altered, seemingly by infiltration, and one small fragment 
resembles a subcrystalline limestone. Specimen (v) does not materially 
differ, but seems to contain more earbonato than the others The dark 
streaking is due to grams of iron oxide or serpentine with much opacite , 
lock fragments aro few and small Specimen (in) from the thin vein 
contains a few very small rock fiagments, mudstone or shale, more or 
loss altered, possibly also a compact diabase. The 44 country rock ” is a 
mudstone, consisting of small chips of quartz and felspar, variable 
in Rize, embedded in a dusty matrix, including a carbonate, which is 
more abundant withm about a fiftieth of an inch from the junction 
This part is slightly stained, but I was unable to detect any signs of 
contact metamorphism. Specimens (11) and (iv) aro generally similar, 
but the former contains some small rounded bits of varieties of diabase, 
and one may represent a crystalline limestone. The veins are filled 
with calcite and other secondary products, and are bordered by a veiy 
thin film of a brown micaceous mineral, like that described as often 
permeating the “blue.” Both specimens suggest micromineralogical 
changes, such as might be produced by the passage of hot water. 

Other specimens of the sedimentary rock in the immediate neigh¬ 
bourhood of the blue have been forwarded to mo by Mr Trubenbach. 
Ono, from the adit on the southern side of the section mentioned above, 
is a grey mudstone, containing a flattish rectangular pebble, of a dark 
green compact rock. Two others are from No. 2 mine, or about 700 
yards to tho south-west. One, struck in the shaft at a depth of 200 feet, 
is a conglomerate, composed of w r cll-rounded rock fragments, with some 
scattered grains of quartz. Each of tho former is bordered by a zone 
of a crystalline carbonate (impure calcite), and the interstices are 
filled, sometimes by a cloarer variety of tho same, but more often by 
some minutely granular secondary product. Of the rock fragments, one 
is a subcrystalline dolomitic limestone ; two, perhaps, are chalcedony; the 
remainder are igneous ; the majority being varieties of diabase, some¬ 
times rather decomposed; the rest trachytes, mainly andesites. Their 
general aspect and the not unfrequent presence of vesicles (now filled 
with viridite) suggest that they have been furnishod by lava-flows. 
Another specimen, obtained in tho same working at a depth of 400 feet, 
is a rather felspathic diabase, not unlike one of the varieties in the 
conglomerate. It is a good deal decomposed, is not improbably from 
a lava-flow, but does not call for a minute description. 
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Thus the diamond has l>een traced up to im igneous rock. The 
4( blue ground ” is not the birthplace either of it or of the garnets, 
pyroxenes, olivine, and other mmmals, more or le^s fragmental, which 
it incorporates The diamond is a constituent of the oclogitc, just as 
much as a zircon may bo a constituent of a gianite or a syenite Its 
regular form suggests not only that it was the first mineral to crystal¬ 
lise m the magma, but also a fuithcr possibility. Though the occur- 
icnce of diamonds in rocks with a high percentage of silica (itacolumite, 
granite, &c) has been asserted, the statement needs corroboration. 
This form of crystallised carbon hithcito lias been found only in 
metoonc iion (Canyon Diablo),* and has l>oon produced artificially by 
Moissan and others with the same metal a,s matrix. Hut m oc-logite 
the silica percentage is at least as high as in doleiite , hence it is diffi¬ 
cult to understand how so small an amount of carbon escaped oxidation. 
I hod always expected that a peiidotite (as supposed by Professor 
Lewis), if not a material yet more basic, would piove to be the birth¬ 
place of the diamond. Can it possibly be a derivative mineral, even 
in the eclogite ? Had it already crystallised out of a more basic 
magma,t which, however, was still molten, when one more acid was 
injected, and the mixture became such as to form eclogite ? But I 
content myself with indicating a difficulty, and suggesting a possi¬ 
bility , tho fact itself is indisputable . that the diamond occurs, though 
rather sporadically, as a constituent of an eclogite, which rock, accord¬ 
ing to the ordinary rules of infeience, must be regarded as its birth¬ 
place. 

This discovery closes another controversy, viz., that concerning the 
nature of the “Hard blue” of the rmnois (KimWhte of Professor 
Lewis), in which the diamond is usually found. The boulders de¬ 
scribed in this paper are truly water worn. Tho idea that they have 
been rounded by a sort of “ cup and lmll ” game played by a volcano 
may be dismissed as practically impossible. Any such process would 
take a long time, but tho absence of true scoria implies that the explo¬ 
sive phase was a brief one. They resemble stones which have travelled 
for several miles dow n a mountain torrent, and must have been derived 
from a coarse conglomerate, manufactured by either a strong stream or 
tho waves of a sea from fragments obtained from more ancient crystal¬ 
line rocks.} The “ washings,” a pared of which I received from 

* P.S.—The Novo TJrei meteorite (not wholly iron) was forgotten. 

t Thu, however, cannot have been very rich in iron, because diopude does not 
contain much of that constituent. 

t As these eclogites arc very coarsely crystalline, we are justified in assuming 
they were onee deep seated rocks, and so much more ancient than the date of the 
conglomerate. To prevent any misunderstanding I 1 may repeat that the matrix 
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Mr. Trubonbach, also show that tho boulders aro really water worfl. 
Besides two unworn pieces of pynte and a rough lnt of eclogito, about 
three-quarters of an inch in diameter, the pyroxenic constituent of 
which was a blight emerald-green (? smaragdite), I find part of a sub- 
angulur fragment of (hromo-diopsido associated with two or three 
flakes*of tho usual mua, .1 well rounded garnet fully 0*6 inch across, 
and half a well worn pobbloof ecIogite, about one inch long and half an 
inch thick. The rounded waterwom look of the great majority of 
the smaller constituents (chiefly garnets and pyroxenes), about the size 
of hemp seed, is very obvious. I had suspected some of tho grains in 
washings fiom tho Pe Beers Mine to have been similarly treated ; but 
heic it is indubitable, indeed many of the dark giceu specimens are so 
smooth outside that they could only be identified after fracture. The 
ordinary diopsidc can, however, be recognised, with sonic of a clearer 
and brighter gi ecu. Most of the garnets are pyropos, but a few re¬ 
semble cssonite. I find also some gnuns of iron oxide and of vein 
quartz Thus, the presence of waterwom fragments, largo and small, 
in considerable abundance, shows tho “ blue ground ” to ho a true 
breccia, produced by the destruction of various rocks (some of them 
crystalline, others sedimentary, but occasionally including waterwom 
bouldeis of the former )—i e , a result of shattering explosions, followed 
by solfataric action Hence the name Kimbeilito must disappear from 
the list of tho peridot lies, and even from petrological literature, unless 
it he retained for this remarkable type of breccia 
Boulders, such as wo have described, might be expected to occur at 
the base of the sedimentary series, in proximity to a crystalline llooi 
Tho Karoo beds in South Africa, as is well known, aro underlain in 
many places by a course conglomerate of considerable thickness and 
groat extent, called tho Pwyka conglomerate, which is supposed to ho 
Penman or Pcrmo-cuibonifeious in age, It crops out from beneath 
the Karoo beds at no great distance from the diamund-lieanng district, 
and veiy probably extends beneath it. If this deposit has supplied 
the bouldeis, the dato of tho genesis of the diamond is carried back, 
at the very least, to Paleozoic ages, and possibly to a still earlier in a 
in the oarth’s history 

from which thW* boulder* wore token (at rariou* depth*, from nearly 100 to about 
aoO foot) cannot ho anv alliuml deposit, hut i* the topical “blue ground/’ 
^ract'calb identical with that m the Kimberley mines 
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water, and the liquid well boiled A white precipitate of basic nitrate 
forms, while the undecomposed nitrates remain in solution. These arc 
separated by filtration, the precipitate going to the right and the solu¬ 
tion to the left The basic nitrate is dissolved in nitric acid, and the 
light and left solutions are then c\aporuted to dryness and fused as 
before Partial decomposition by heat again divides each of these 
portions into two lots, soluble and insoluble The soluble from the 
left-hand lot goes still further to the left, and its insoluble portion to 
the ught The soluble from the iight-lund poiturn goes to the left, 
whoic it mixes vyth the insoluble fiorn the other portion, while its 
insoluble goes still further to the ngiit This series of operations is 
continued for as long a time as the material will hold out * From a 
description the process seems to bo more complicated than it ically is, 
but a sillily of the diagram am! the ducctiou of the arrows make it 
i lear The munbei of times this operation is perfoinicd varies with 
each lot of eaith fractionated The portions submitted to fusion 
lapully diminish in quantity, and the operation is continued until the 
material becomes too scanty 

The last horizontal line of fractions spe< tioscopieally examined m a 
ladiant matter tube shows differences in the visible spectrum. For 
many years T recorded these difleremes rn coloured drawings, which 
have served on sev mil occasions to illustrate papers before this Society t 
In the year 1893 I commenced to record the differences between the 
various spectra by photographing them in a spectrograph having a 
complete quart/ tram, and simothat time attention has chiefly Ireeii 
directed to the vanations m the number, character, and positions of the 
lines and bands m the ultra-violet speitium these are more striking 
than those which are visible, and as they aie self-recording, results are 
more rapidly attained. A description of this instillment is given 
further on 

On placing the photographed spectra of one of the horizontal linos 
of earths in ordet, several differences are detected One staking 
difference is seen in the behaviour ot a group of lines in the ultra¬ 
violet. It is nearly absent in the end fractious, gradually becoming 
stronger tow aids the middle, and attaining a maximum m the fractions 
situate about two-thuds to wan Is the right. This shows that at least 
three different bodies are present one, the great bulk, having a nitrate 
difficult to decompose , another whose nitrate is easiest to decompose, 
and a third body, occupying an inter mediate position, whose nitrate 
decomposition occurs at temperatures between that required by the 
others, but nearer that of the nitrate easiest decomposed. 

* “ On the Methods of Chemical Fractionation,” Enlith Association, Birming¬ 
ham Meeting, 1880, 4 Ohemn al Nows,’ to! 6i, p 131. 

t “On homo Mew Elements in Gadohnito ami Stun are kite detected Speelro- 
ftcopicall}, ' Roy. Soe Troc ,’ Mo. 215, INS!*, iol 40, p 602.” 
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The above method of fractionation is not so effectual if nunc than 
two bodies arc piebcnt. In that rase the process fails, in ,m\ umhoii- 
nblo time, to yield piuctocally pure specimens of moie than two out of 
a group of closely allied earths Thus, if there arc tin ee earths—say, 
A, B, and C—whose positions in reference to the cheinu.il process em 
ployed aie m the wntten order of sequence, we may get a tqiecimen of 
A as neaily as \>e please flee from B and C, and a .specimen of C as 
neaily as we please flee fiom A and B, but we cannot get a spe< mien 
of B practically fiee fiom A and C Tin* law seems to be that to ob¬ 
tain pi actually pmo specimens of three closely allied eaiths, it is essen¬ 
tial to ha\o rccoui.se to at least two different (hemual piocesses The 
mete continued repetition of the same process will not do, unless indeed 
the operations aie lepeated Mich a \<ist number of times as to make the 
.ipproxim.itc expiosMons no longer applicable, even though the sub¬ 
stances aie chemically very close 

For this and other leasons it is advisable to change the method of 
fiaclionation after one piocess has been m opei.ition fui some time. 
It is evident that any process of fusion, eiystalhsiition, oi pie< ipitatnm 
ian only dmde the mass of mateii.il into two paits, a soluble and 
insoluble poition, <i\st.ds and mother liquor, and aitei a lime a 
balance of affinities seems to he established, and fuithor fiat tiunatiou 
appeals to do little good It is better then to change the opeiatinn. 

Following the diagrammatic scheme, the portions of caiths contain 
nig most \n tonum .ire collected together anti fractionated by the ei vs- 
tulhs.itinn of the oxalates from a solution strongly undulated with 
nitric and in the following manner — 

To a boding acid solution of the nitrate a small quantity of hot 
solution of oxalic acid is added. The solution remains clcai, and it is 
only aftei vigorous stoning that a small quantity of insoluble oxalate 
is formed The whole is thrown on a hot-water filter and slightly 
washed with boiling water To the boding filtrate a fiesh lot of hot 
Kolution of oxalic acid is added, and stored till more insoluble oxalate 
comes down. This is again filtered off, and the operations of precipi¬ 
tating, stunng, filtering, and washing are repeated, always keeping 
tho tcmpeiatuie jus near the bodmg point as possible, until the whole 
of the earths «ie precipitated Generally the initial eaith is diuded 
by this method of fractionation into from six to twelve portions. Each 
of these oxalates is dued, ignited, dissolved m nitric acid, and the 
above-described operations repeated. I ’hoto-spectruscopie tests are con¬ 
stantly taken during the progress of this fractionation, and portions 
are mixed together according to tho data thus obtained, as shown on 
the diagram by the lines joining the fractions, the object being to 
avoid lateral spreading as much as possible, and, while concentrating 
the special lino-giving earth, to prevent its too great diffusion over a 
largo number of fractions. When tho fractionation by the oxalate 

T 2 
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method has proceeded for a considerable time, the fractions rich in 
wttormm aio collected together and submitted to another mode of 
tiontment. 

These fractions are converted into nitrates, and a small quantity is 
thrown out by partial decomposition by heat, according to the method 
already derail*ed The filtrate is evaporated to dryness and again 
fused ho as to throw' out a little more. Thus operation is repeated as 
long as any soluble nitrate is left. Generally from six to twelve por¬ 
tion^ are thus obtained These fonn a regular senes, differing accord¬ 
ing to the stability of the nitrate under heat. On testing, the 
nctonnm is found to concentrate in the centre portions, bomg loss 
easily decomposed than the earths of the ccrmm group and more 
easily decomposed than those of the yttrium group 

The fractions liih m uetornun are converted into sulphates and 
mixed with a hot satin ated solution of potassium sulphate. The pre¬ 
cipitate is dissolved m boiling water and mixed with a further quantity 
of solution of potassium sulphate. Tins produces a small quantity of 
a precipitate. The filtrate from the first precipitate is also mixed with 
fiesh potassium sulphate, and the operations aro repeated, mixing the 
cent 10 solutions to one lot and the side solutions to another, as shown 
by the lines on the diagram. It is found on photo-spectroscopic ex¬ 
amination that the earths thrown out on each side aro poorest in 
uetoimm, whilst those in the middle aro richest After a time no 
fui tiler concentiatiou is effected ui this maimer, nil the earths that can 
bo iemo\ed as being more or less soluble in potassium sulphate having 
been eliminated 

In thus desetibuig the method of fractionation, my objoct has boon 
not so much to give a description of the plan actually carried out m 
the laboratory- tor the details ha\e \aried with each operation—but 
to gi\o an intelligible idea of the general manner in winch a \ery com 
plicated operation is eHeeled In the diagram I am supposing that one 
particular substance, vietonnm, is to bo separated, and I have endea¬ 
voured to show its migrations and gradual concentration as the work 
progresses, by tinting the fractions wheie it mostly would concentrate ; 
the depth of tint representing the amount of concentration. 

In the purest condition yet obtained victoria is an earth of a pale 
blown colour, easily soluble m acids. It is less basic than yttna and 
more basic than most of the earths of the ter bin group. In chemical 
character it differs in many iaspects from yttna. From a hot nitric 
acid solution vie tori um oxalate precipitates before yttrium oxalate and 
nftoi toilmun oxalate. On fractional precipitation with potassium 
sulphate the double sulphate of victorium and potassium is seen to bo 
less soluble than the cm responding yttrium salt, and more soluble 
than tho double sulphates of jtotussmm and the terbium and cerium 
groups Vietonnm mti.ite is a little more easily decomposed by heat 
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than yttrium nitrate, but the difference is not sufficient to make thin 
react]oil a good means of separating victorium and yttnum. Fusing 
the nitrates can, however, l>e employed advantageously to sepal ate 
mixed victoria and yttria from the bulk of their associated eaiths. 

On the assumption that the oxide has the composition VcjO„ the 
atomic weight of victorium is apparently not fai from 117. 

The photographed phosphorescent spectrum of vi<tom consists ot 
a pair of strong lines at about X 3120 and 3117 , other famtei lines 
are at 3219, 3004, and 3060. Frequently tho pair at 3120 and 3117 
meigc into one, but occasionally 1 have seen them quite distinct. 
Tho prosonco or absence of other eaiths has much influence on the 
sharpness of lines in phosphorescent spectia, and it is probable that 
these lines will be sharp and distinct when victoua is obtained quite 
freefiom its associates. 

The best maten.il foi phosphorescing hi the ladiaut mattei tube is 
not the earth itself, but the anhydrous sulphate formed by heating tho 
euith with strong sulphuric acid and dm uig ofl the excess of and at 
a red heat. The sulphate thus produced, probably also containing 
some basic sulphate, is powdered and introduced into a bulb tube fur¬ 
nished with a quartz window, and a pair of thick aluminium poles 
sealed into the glass with stout platinum wires. The tube is well 
exhausted, keeping the current from a good induction coil going, all 
the time. The pumping and sparking must continue until the earth 
glows with a puie light free from haze or cloudiness, and continues so 
to glow during the passage of tho current without detenoration 
The exposure m the spectrograph usually occupies an hoiu 

I give a diagrammatic plan of the twopnsm spectrograph used in 
this research It is furnished with two quartz prisms, quartz lenses, 
and condensers The slit jaws are of quartz, cut and polished accord¬ 
ing to the method T dcstnbod m the ‘ Chemical News/ \ol 71, p. 175, 
April 11, 1895. 

Tho prisma aio made in two halves, according to Cornu’s plan , one 
half of each being right-handed and tho other half left-handed. One 
of the lenses also is right-handed and the other left-handed By this 
device the effect of double refraction is so completely neutralised that 
with a five-prism matiument it is impossible, under high magnifying 
power, to detect any duplication of the lines. 

The lenses are each of 52 mm. diameter and 330 mm. locus. The 
focus of the least refrangible rays is longer than that of the most 
refrangible rays, and the sensitive film must thercfoie be set at an 
angle to get the extreme rays into focus at the same time. But this 
alone is not sufficient. The focal plane is not a fiat surface, but is 
curved, and the film must therefore be curved,* and it is only when 

* 1 Chemical News,* vol. 72, p. 87, August 23, 1895, awl \ol. 74, p. 259, >'m em¬ 
ber 27, 1896. 
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both these conditions are fulfilled that perfectly sharp images of 
spectral lines extending from the rod to the high zinc line 21 .'18 30 can 
bo photographed on the same surface. Celluloid films aie used, glass 
not being sufficiently flexible. 

Using the middle position showing the whole spectrum on a plate, 
the angle is 40°, and the curvature is 190 mm radius. 

The condensers aie of quartz, and arc plano-cylmdrical—one being 
double the focus of the other. The object of this, when spark-spectra 
are being photographed, is to concentrate on the slit a lino instead of 
a point of light, as would bo the uiso if ordinaly lenses were used. 

When photographing phosphorescent spectra—or, m fact, any spectra 
tlie wave-lengths of which are either unknown or icquire verification 
—I always photograph on the same film a standard spectrum, usually 
of an alloy of equal molecular weights of zinc, cadmium, tin, and 
mercuiy. This forms a hard somewhat malleable alloy, giving 
throughout the whole photographic region lines the wave-lengths of 
which are well known. The chief objection to this alloy is its volatility 
—the poles roquinng froquent adjustment. Kocontly I have used 
piuo iron for this purpose, this has the advantages of giving a great 
number of fine lines whoso wave-lengths are accurately known, and not 
being very volatile, the polos do not rapidly wear away If the polos 
aie kept about 1 mm. apart there is little or no interference fiom 
an* lines. 

The most simple method of applying the standard hues to an 
unknown spectrum is by the successive employment of tw r o slightly 
ovoi lapping diaphragms immediately behind the slit, one being used 
for the oxpenmontal and the other for the standard spectrum. In this 
way, without disturbing the instrument, the two spectra can be recorded 
on the plate one over the other , the o\ erlap of 1 mm. being .in the 
optical contrc of the train. The resulting negative is then transferred 
to a micrometer measuring machine of special construction, ha\ mg a 
screw of 1/100 of an inch pitch, and a means of accurately determining 
1/1000 of its revolution—thus measuring diroctly to the hundred- 
thousandth of an inch. In this w T ay, m a five-prism spectrograph 
having lenses 700 mm. focus, it is possible to determine wave-lengths 
of photographed lines to the sixth figure. 


‘ Experimental Contributions to the Theory of Heredity. A, Tele- 
gony.” By J. C. Ewart, Ml)., Fits., University of Edin¬ 
burgh. Iieeeivod May 29,—Read June 1, 1899. 

I. Introduetm //. 

The belief in telegony, or wffiat used to be known as the 41 infection 
of the germ ” or “ throwing back ” to u previous sire, has long prevailed 
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It may for all wo know be as old as tho belief in “ mental impressions,” 
which has had its adherents since at least the time of the patriarchs. 
During tho eighteenth century the “ infection ” doctrine was frequently 
discussed by physiologists, and since Lord Morton, in 1820, addressed 
a letter to the Koval Society on tho subject, believers in “infection ” 
have been met easing all over tho world, with tho result that one seldom 
now hoars of bleeders or fanciers who are not influenced by the doc¬ 
trine, while physicians and others interested in the problems of here¬ 
dity either as a rule take telogony for granted or see nothing improbable 
in tho “infection ” hypothesis. 

It must, however, bo admitted that, notwithstanding the criticisms of 
Weismann and othois, very different views are entertained by the 
believers in telogony, not only as to the cause, but as to the results, of 
“ infection.” J?y some telogony is confoundod with simple 1 emersion oi 
atavism, while the bettor mfoimcd generally assume that “ infection " 
invariably results m the subsequent offspring repeating moro ot less 
accurately the characters of the first or of a previous sire. In a 
breeders’ journal of some standing there appeared recently under the 
heading “ Colour of Animals ” the following sentence —“Greys show 
in brooding a groat tenacity of assertion, as they are fow m comparison 
to other colours in the Stud Kook, but they reappear and no doubt go 
back to tho Aiab, and prove telegony to be a fact.”* This shows 
simple reversion is sometimes mistaken for telogony. In support of 
the view that “infection” is commonly supposed to lead to “throwing 
back ” to a provions sire many instances could lie given, but the follow¬ 
ing from an article on telegony by De Vangny will suffice. De Vangnv 
states that an ordinary cat which had kittens to a tailless Manx cat 
subsequently producer! several tailless kittens to a normal cat of her 
own breed t 

An extended series of experiments with various kinds of animals has 
led mo to the conclusion that if there is such a thing as telegony, it is 
more likely to result in tho sulisequcnt offspring “ throwing back ” to an 
ancestor of tho “ infected ” dam than to a previous mate. This view of 
telogony (which has not been insisted on hitherto) will be made at once 
evident by an example. A sable collio crossed with a Dalmatian pro¬ 
duced thiee pups which in their coloration are extremely like young 
foxhounds; instead of numerous small spots each has a few large 
blotches. According to the common view of telegony this collie, it 
infected, should next produce with a dog of her own breed one or more 
Dalmatian-like pups. If, however, the offspring of a collie and a Dal¬ 
matian are like foxhounds, the subsequent offspring to a collie of the 
same colour and strain could hardly be expected to present Dalmatian 
characters, t.r., show numerous small spots. But if “ infection ” as a 

* * Live Stock Journal/ May 12, 1899, p. 588. 

t ‘Journal dos Debate/ September 9,1897. 
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rule results in the subsequent offspring “ thi owing back” either to the 
ancestors of the sire or the dam, it will be extremely difficult, if not 
in many cases impossible, to distinguish telcgonv from simple rever¬ 
sion.* 

But though “ infection,” if it docs take place, is likely, as a rule, to 
lead the subsequent offspring to resemble the ancestors of the dam, it 
may in certain cases possibly lead to their “thiowing back” to a pre¬ 
vious sire. This lesult might follow it the previous sire happened to 
bo highly prepotent. For example, Highland heifers often produce to a 
Galloway bull hornless black offspring indistinguishable from pure 
Galloways If infected by the Galloway bull, these heifers might 
afterwards produce Galloway-1 ike calves when mated with long-homed 
bright coloured bulls of then* own breed 

Tt is now commonly believed tb.it if theie is such a tiling as telcgony 
it results from the unused germ cells of the first (01 previous) sire 
infecting - blending with—the unripe geim colls m the ovaries of the 
dam Were this possible, the subsequent progeny would in all proba¬ 
bility in a nnbl way resemble the previous sire, but if this is impos¬ 
sible, then infection —due perhaps to some obscure change in the con¬ 
stitution or reproductive system of the dam is moio likely to lead to 
moie or loss marked reversion to the ancestors of the dam. All my 
observations point to its being impossible in the Equidaf 1 for the 
unused male genii cells ot the fiist sire to infect the unripe ova. The 
spermatozoa lodged m the uppei dilated pait of the oviduct of the 
mate arc dead, and in piocess of disintegrating, eight days after insem¬ 
ination; they probably lose their fertilising power in four or five days. 
There is no reason for supposing that in the Kquidie they survive 
longer m or around the ovary. Further, though at the time of fertili¬ 
sation there may bo seveial large Graafian follicles in each ovary con¬ 
taining matming ova, all these follicles disappear long befoie the 
period of gestation is completed. -The subsequent foals are developed 
from successive new crops of ova into the composition of which it is 
mconcoivablo any of the spermatozoa of the first sire could by any 
chance enter. A study of the ovaries hence tends to confirm the view 
that “ infection ” (if thoro is such a thing) is as likely to cause rever¬ 
sion to a fonnor ancestor of the darn as a “ throwing hack ” to a pre¬ 
vious sire. 

Having made those general observations, it will be well next to con¬ 
sider critically the case of “ infection ” communicated in the lettor to 
the President of the Koyal Society in 1820 by the Earl of Morton. 

* That reversion evor occurs 1ms lwon questioned by Bateson ('Materials for 
the Study of Variation’) and others, but I have already (‘Nature/ February 9, 
1899) proved beyond doubt tliat reversion can bo easily induced by intercrossing 
distinct typos, and I have recently heard of several instances of spontaneous reversion 
—reversion not induced by intercrossing. 
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Though many other instances of supposed “ infection " have been 
recorded, Lord Morton's mare may be said to still hold the field—the 
theory of telcgony still mainly rests on the assumption that this 
historic mare was “ infected ” by a quagga some years before she 
passed into the hands of Sir (loro Ousoley and produced three “ colts " 
to a black Arabian horse. One might even go further and without 
much exaggeration asseit that the telegony hypothesis at the present 
moment mainly rests on an allegation by Sir Gore Ouseley's stud 
gi oom 

It has been generally assumed that Lord Mot ton's mato (a neatly 
purely bred chestnut Arab) was “ infected " for two reasons (1) because 
the subsequent oftspiing wore of a yellowish-brown colour and more or 
less striped, and (2) because, according to Sir Gore Ouseley's stud 
groom, the mane of one of the striped foals had always been upright, 
while m another it arched to one side clear of the neck The presence 
of stripes in the subsequent offspring has never been questioned, noi 
yet is there any doubt that when Lord Morton m 1820 inspected the 
“ colts ” the mane m tho filly was upright as m the quagga, while that 
of the colt resembled tho mane of Loid Mortons quagga hybrid. 
There is, howevei, an absence of reliable evidence that tho filly's mane 
had ttlivtut* been upright as alleged to Lord Moiton by Sir Gore 
Ouseley’s stud groom 

Wore tho ovidenco in support of this allegation satisfactory, there 
would I think be no oseapo from tho conclusion that Lord Morton's 
male was “infected ” by the quagga Hitherto tho presence of stripes 
on the “ colts ” lias generally been looked upon as affording strong 
evidonco of “ infection ” Believers in telegony admit that stripes are 
not uncommon m Norwegian and certain other breeds of horses, but, 
with Mr Darwin, they have taken for granted that they never or very 
rarely occur in Arabs 

I find, how over, that though in .Arabia dun-coloured horses aio dis¬ 
liked and never used for breeding, stripes oven m the most renowned 
strains are not so uncommon as is generally supposed. I have now' a 
purely bred Arab filly of about the same colour as Lord Morton's filly, 
but, unlike the filly we have heard so much of, lioth the fore and hind 
legs are marked with distinct dark bain, and there {ire faint indications 
of stripes across the withors and a distinct dorsal band. The history 
of this filly (bred by Mr. Wilfred Sea wen Blunt at Crabbet Park, 
Sussex, and very kindly presented to me) is well known for many 
generations , none of her ancestors could possibly have been “ infected ” 
by a zebra. The dun colour and stripes are doubtless the result of 
simple spontaneous reversion, for, unlike Lord Morton’s mare, there is 
no history of a cross in her pedigree. This filly proves that even in 
high-caste Aral* of tho host desert blood a dun colour and stripes may 
unexpectedly appear. 
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As to the occurrence of stripes in other breeds I could give, were it 
necessary, many instances. A year ago I had in my possession a light 
bay (or yellow dun) pony, which showed nearly as many stripes on 
the trunk as the Goro-Ouseley filly, and m addition had several in¬ 
terrupted narrow stripes on the forehead.* Moreover, the stupes on 
the Gore-Ousoley “ colts,” while agreeing with stripes occasionally seen 
in horses, differ in their arrangement from the stripes in the quagga. 
The stripes themselves are evidence of ieversion, but nothing moie, 
and seeing that pure bred horses sometimos show quite as many stripes, 
we are not justified in assuming that but for the dam of the “colts” 
having been fust mated with a quagga the stripes would not have 
appeared. 

Hence unless it is proved that the mane in the filly and colt were 
naturally eiect, or nearly erect, the ease foi the “infection” of Lord 
Morton’s mare will be lost. It may be well to quote the passage from 
Lord Morton’s letter tcfeinng to the mane It is as follows - “ That 
of the filly is short, stiff, ami upright, and Sir Gore ^Ouseley’s stud 
groom alleged it never was otherwise That of the colt is long, but so 
stiff as to arch upwards and to hang clear of the nock, m which circum¬ 
stance it lesembles that of tho hybud. This is the more remai kahle 
us the manes of the Arabian breed hang lank and closer to the neck 
than that of most others ”t 

I am not prepared to accept the allegation as to tho manes for the 
following reasons *— 

1. I have had twelve zebra hybrids under observation, and in 
each case tho mane, though erect to start with, always after a time 
arched over to one or both sides The stud groom’s statement, it 
seems to mo, proves too much. If in the quagga hybiid and in all 
my horse hybrids tho mane, soonor or later, falls to one sale, it is 
a little remarkable that m tho pure bred two-year-old filly it Inal been 
always upright. 

I may here mention that tho hair of the mane of zebi a hybrids is 
shed annually; it is for this reason that tho mane in hybrids is nevci 
long enough to hang close to the neck 

2. Tho mane in the drawing of the filly by Agasse is not represented 
as upright, but as lying to one side. If tho mane had remained erect 
during the first two years, by virtue of shedding its hairs, it could not 
very well havo lost this habit and fallen completely over to one side 
subsequently, say, during the fourth year From the mano being erect 
in 1820, anil hanging to one side in 1821 or 1822, when Agasso’s 
drawing was made, the presumption is that the mano of tho “ colts ” 
had been cut some time beforo they were examined by Lord Morton 

Two years ago I had a bay Arab with a mane which was to start 

* See Fig 36, *Tho Penycmk Experiments/ A. and C. Black, 1800. 
t 1 Phil. Tran. / 1821. 
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with short, stiff, and upright, some months later it arched freely to 
one side, as in my zebra hybrids, .and later still it hung lank and close 
to the neck. 

3. There i* always an intimate relation in the Eqmdn? between the 
mane and the tail, when the mane is short and erect the upper third 01 
so of the tail is only covered with short hairs, which, like the hairs of 
the mane, are annually Hhed. Lord Morton noticed nothing peculiar 
about the tail of the “colts,” and the tail of both tho colt and filly in 
Agassi 1 s drawings is the tail of a high-castp Arab This seems to me 
to warrant the conclusion that the filly's mane had been hogged some 
time before Lord Morton's visit. 

It thus appears that the evidence m support of the belief that Lord 
Morton's mare was “infected” by the quaggu is at the best far from 
satisfactory. Tho same may he said of the evidence m support of all 
tho other supposed cases of telegony in the Equida*—of, amongst 
othets, Lord Mostyn's mate, referred to by Darwin ,* of the mule-hke 
mart! m the Pans Gardens, referred to by Tegctmeier and Sutherland ,t 
and of the AfricAn ass (Eqtnn still in tho Zoological Gardens 

(London), which now and then hah a reddish-coloured foal, like the 
cross-bred foal she pioduccd in 1883 to an Asiatic ass (E hrmonus). 

Although I am now satisfied that Lord Moiton's case throws little 
light on tho telegony hypothesis, like many otheis 1 had no very 
decided views on the subject some years ago, and hence when ai- 
rangmg in 1894 to make a collection of horse embryos, 1 decided to 
repeat, as far as circumstances permittod, what is commonly called 
Lord Morton's experiment For this purpose, I procured early in 
1893 three zebras and a number of mares. Two of tho zebras dietl 
during the winter of 1895, but tho third—a handsome stallion of the 
Chapman -variety (E. hinchelh v. rhapnifint) still survives and is now 
thoroughly acclimatised. 

During 1895 I only succeeded in mating the zebra with one mare, 
and hence there was only one hybrid born in 1896. During the last 
two years however, quite a number of hybrids havo made their appear¬ 
ance, ami tho dams of several of tho hybrids havo subsequently pro¬ 
duced pure-bred foals. Tho time has hence come, when some of the 
rosults of tho experiments may with propriety be communicated 
to the Royal Society. 


“ 11. Experiments with West Highland Pomes.” By Loud Arthur 
Cecil, Orchardmans, Kent, and J. C. Ewart, 

The first mare mated with tho zebra was a black, West Highland 
pony (Mulatto), set apart for the telegony experiments by Lord 

* ‘ Animals and Plants/ vol. 1, p. 436, 1876. 
t ‘ f^orsos, Asses, and Zebras/ p. 81. 
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Arthur Cecil. The better bred West Highland ponies are supposed to 
have descended from “Armada ” horses, and are hence perhaps related 
to Mexican and Argentine horses, so often dun-coloured and partially 
striped. Mulatto's hybrid (Romulus, born 12th August, 1896) is on 
the whole more a zebra than a pony both montally and physically. 
He is especially remarkable in being moro profusely stuped than his 
sire (the zebra Matopo), in having a heavy semi-ercct mane, which is 
shed annually, and m having a mule-like tail, from the uppor third of 
which the longer hairs are periodically shed. The body colour of the 
hybrid varies from a dark orange colour to a mouse dun ; the stripes 
of a reddish-brown colour on the head aie dark brown 01 neatly black 
on the trunk and limbs 

In tho number and plan of the stripes, the hybud agrees more 
closely with the Somali zebra than ith any of the Eurehell zebras. 
Over tho brow, there arc narrow rounded arches instead of some¬ 
what broad pointed arches as m his sire, the neck and flunk iu\o 
quite double the number of stupes found m the sire, while oicrthc 
croup m the position of tho “gridiron" of the mountain zebra there 
were at birth irregular rows of spots which in course of time blended 
to foim somewhat zig zag, nariow, transverse bands The oars are 
nearly as largo as in the sire, while the oyo-lashos are longer and dis¬ 
tinctly curved In his movements the hybrid resembles bis sire, and 
like Ins sire he is always on the aleit, voiy active and suspicious of 
unfamilar objects. Further in his call he agrees far more with his biro 
than Ins dam. In being profusely striped, Romulus differs greatly 
from the quagga hybrid bred by Lord Morton, in which the stripes 
were fewer in number than in many duti-coloured horses. 

Mulatto’s second foal ariivod in July, 1897, the sue, Benazrek, 
being a high-caste grey Arab horse Like Lord Morton’s colts, 
Mulatto's foal by the Aral) horse, in make, action, and temperament, 
agreed with ordinary foals, but it differed from the majority of 
foals in presenting quite a number of uohstmt stripes ~sulitle maik- 
ings only visible in certain lights. These stripes differed but little 
from the body colour, w'hieh varied from dark bay to brown. Though 
few references have been made to tho occurrence of stupes in foals, 
they are, we find, far from uncommon. As is well known, Mr. 
Darwin once bred a stuped foal by putting a iross-bicd bay mare to 
a thoioughhrod horse. This foal was for a time marked nearly all 
over with obscure dark imnow stripes, plainest on the forehead, but 
also distinct over the croup * 

There is no figure of Mr Darwin’s stnpod foal, but from the descrip¬ 
tion given, there can bo little doubt that the markings w’ero more 
abundant than in Mulatto's second foal In this foal (as iu Mr. Dar¬ 
win’s) the stripes became more and more indistinct, and by No\ ember 
* ‘Annuals and Plant*, 1 rob 1, p 60. 
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they hart almost vanished. Unfortunately, the foal died when about 
five months old, and henco it is impossible to say whether any of the 
stripes would have persisted It will bo evident that Mulatto’s second 
foal hel]>ed but little to clear up the vexed “ infection ” problem 
Mulatto missed having a foal in 1898, but she recently produced at 
Knole, Kent, her third foal The sire (Loch Como) of this foal 
belongs to the Island of Rum section of the West Highland ponies, 
and closely lesemhlos Mulatto Tho third foal has about as many 
stripes as the second. As in tho socond, they arc most distinct over 
the crimp and hind quarteis, and as in the second, they difiei both 
from the markings in the previous sire, tho zebra, and from the 
markings of the hybrid Romulus. 

This third foal, which was born cm the Gth of May, 1899, seemed 
like the second, to lend some support to tho “infection” hypothesis 
Fortunately, since it made its appearance, two other West Highland 
mares hav«had foals to Loch Corno These foals put all doubt as to 
the nature and significance of the stripes on Mulatto’s second and 
third foals at an end. 

One of the dams is of a brown colour, the other is nearly black 
Though neither the brown dam nor the black has ever seen a zebra, 
both toals are marked in very much the same way as Mulatto’s, and 
^omo of the stripes in one of the new foals look more like persisting 
than tho stripes on Mulatto’s third foal Hence, in order to account 
for the markings on Mulatto’s foal to the grey Aiab, and on her foal 
to the black West Highland pony, it is unnecessary to fall back on the 
“infection” hypothesis 


MIL Evpenments with Shetland, Ireland, Irish, Thorough hi lxI, 
and other Ihmies'* liy J. (’ Ewaut 

An effort was made to cross four Shetland ponies with the zebra 
stallion, lmt I only succeeded in obtaining one hybrid. Tho dam 
(Nora) of this hybrid closely resembles, except in size, the Island of 
Rum ponies—she is a small edition of Mulatto. Her first foal, by a 
black Shetland pony, was of a dun colour and nearly as striped as 
Sir Gore Ouseley’s filly; her second is tho most zebra-like of all my 
hybrids , her third closely resembles her sire,*a bay Wolsh pony. For 
some time after birth there were faint indications of stripes ovor tho 
hind quarteis of this foal, but now it is a year old there are no mark¬ 
ings or any other suggestions of a zebra It is not a little suggestive 
that the foal bred from this pony before she was mated with the zebra 
was distinctly striped, while the subsequent pure brod foal has no 
stripes. 

Of five Iceland pomes put to the zebra only one produced a hybrid. 
This hybrid was faintly striped, and showed less of tho zebra than any 
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of the others. The dam, a prepotent yellow and white (skewbald) 
pony, had first of all a light bay foal to an Iceland pony. Her third 
foal, by a bay Shetland stallion, is a skewbald, and in the size and 
arrangement of the brown patches closely resembles the dam. There 
is no hint whatever that the Iceland pony has been “ infectoil ” by tho 
zebra 

Several Irish mares wero put to the zebra, and two of thorn (bays) 
have first produced hybrids and sul>soquontly pure bred foals A 
cream coloured Irish-Canadian maro unfortunately tiled bofore her 
hybrid foal was born. One of tho bay mares had a bay hybrid richly 
striped; tho other a hybrid with but indistinct stnpos. Tho subse¬ 
quent foals—one by a chestnut thoroughbred horse (Tupgill), tho 
other by a hackney pony (Mars Royal)—are bays, not only devoid of 
stripes but affording no indication whatever that their dams had been 
previously mated with a zebia. 

Although I experimented with seven English thoroughbred marcs 
and an Arab mare, I only succeeded with one, a small chestnut. This 
marc produced twin hybrids last summer, yesterday sho had a foal to 
a thoroughbred chestnut horse (Lockstitch) One of the twins died 
soon after birth, tho other, nchly but unphtrusnely striped, in it» 
colour and make strongly suggests its dam. The chestnut mare’s new 
foal neithci in make, colour, nor action in any way resembles a young 
zebra nor a zebra hybrid In 1897 a bay maro by a bay Arab hoise 
(Hadeod) was for some months m fold to the zebra Since she 
miscarried ill 189G she h;is had two foals to a thoroughbrod horse 
(Lockstitch) Neither of these foals in any way suggests a zebra. In 
this tabo the unused germ cells of the zebra had presumably a better 
chance of reaching the ovum from which the first of tho two piuo-brod 
foals was developed than is usually the caso. 

Attompts wero made to cross Welsh, Exmoor, New Forest, Nor¬ 
wegian, and Highland ponies with the zebra without success, and 
though a cross-bred Clydesdale has twice had a hybrid, she has not yet 
produced a pure bred foal. Tho experiments as far as they have gone 
afford no evidence in support of the telegony hypothesis. 
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June 8, 1899. 

The LORD LISTER, F.R.C S., D.C.L , President, in tho Chair. 

Meeting for Discussion. 

Subject —Preventive Inoculation. 

Piofessor AVillmra Osier (clocted 1898) was admitted into tho 
Society. 

Mr Henry J II Fenton, Dr. Henry Head, Professor Conwy Lloyd 
Morgan, Mr Clement Reid, Professor II. S Hele-Shaw, Dr. Ernest 
Henry Starling, Professor Henry W. Lloyd Tanner, and Professor 
B. C. Allen AVindle, were admitted into the Society. 

A List of the Tiescnts lecoived was laid on the table, and thanks 
ordered for them. 

The Discussion was opened with the following communication — 

“On Preventive Inoculation”* By W M. Hafkkine, C.I.K 
Communicated by Lord Lister, PRS. Received Juno 5, 
—Read June 8, 1899 

My Lord and Gentlemen,—The most important modern methods of 
prophylactic treatment are based upon the fact that an attack of 
disease from which an individual rocovers leaves in him a condition of 
rclntivo immunity to another attack. 

The method of turning this result to advantage for tho protection 
of wholo communities was first demonstrated to us by Mahomedan 
physicians, to whom the world thus owes what proved to 1>e one of the 
most fertile principles of modern science. 

The successes of Jeimor and Pasteur, who utilised cultivated vims 
for preventive treatment, have led to a general conception that there is 
the possibility of creating artificial immunity to diseases by treating 
the organism with morbid virus rendered by some special means 
harmless. 

This view involves a generalisation which led to a considerable 

* The paper os published here, after final revision by the author, differs m some 
details from what has appeared in tho 'Lancet 1 of Juno 24, and 'British Medical 
Journal/ of July 1 , 1809, under the title of “ A Discourse on Preventive Inocula¬ 
tion, delivered at the Koyal Society, London, on June 8,1890.” 
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amount of disappointment, as the application of the principle in a 
number of instances did not give the expected results. 

Derivatives f/om Minahir Vims and then Kffrrf 

When we cultivate a pathogenic micro-organism 111 a liquid medium, 
two different elements are obtained mixed together the bodies of the 
microbe and the liquid which it has modified, and into which it has 
secreted its own products. 

A modification of the entire preparation, as represented by this 
mixture, can be first of all obtained by filtering and separating the two 
elements just mentioned, and considering each of them by itself 

Or else the two can be left together, and only the vitality of the 
microbe destroyed by some physical or chemical agent 

Or the constitution ami the propei tios of each, or of both of these 
elements can be, to a desired degree, altered by the admixture of 
chemicals, or by subjecting them to physical piocesses 

Or, the vital and pathogenic properties of the nuciobe can bo modi¬ 
fied by artificial breeding, and^ieu the microbe itself, or the pioduct** 
of such a modified microbe, used for treatment. 

The immediate effect which a gnen virus or its demato produces 
on an animal differs with the kind of vims taken, the pioce=s oi 
modification to which it has been subjected, and the species of animals 
upon which it is used. The following instance may give an idea of 
these variations. 

Th% ordinary Indian giey, as well as the brown, monkey are sus¬ 
ceptible to the plague vims, and may contract a fatal disease from being 
simply pricked with an infected needle The rabbit and guinea-pig are 
also susceptible to the disease The horse, on the centraly, contracts 
no fatal disease after being infected even with huge doses of the 
living virus. 

If, however, a plague culture be heated and the mu lobes killed in it, 
the relative susceptibilities of the monkey mid the horse seem to be 
reversed, the guinea-pig remains comparable with the monkey, while 
the susceptibility of the rabbit is now like that of the horse, and not, 
as previously, like that of the monkey. 

It will require, according to several observers, a very large dose of 
virus so treated to produce in the monkey or in the guinea-pig any 
marked rise of temperature, or any alteration of the skin at the seat 
of injection; while the horse answera to the injection by almost as brisk 
an attack of fever as if the virus were a living one, and at the seat of 
inoculation a tumour is produced which, if the dose bo at all con¬ 
siderable, may load to a complete mortification of the tissue. The 
rabbit similarly answers to the injection by an attack of fever and by 
the formation of a hard tumour at the scat of injection. 

As varied as is the immediate effect of different forms of virus upon 

V 2 
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different animals, so varied is the rosult of the application of such 
virus from the point of view of immunity conferred by it. 

There are animals in whom the inoculation leaves no lasting offect 
whatever. In others a very temporary immunity is created, vanish¬ 
ing entirely in a few daj In other cases again, a condition appears 
that produces the improssion that, after the treatment, the animal has 
l>ecome moie susceptible to a subsequent infection than is a normal 
animal not so treated 

And lastly, there may bo found animals m which the same virus 
will produce a firm and enduring immunity 

In general I ImjIicvu it to lie admissible that in the case of every 
disease, and with ic^ard to every species of animal, a form of pro¬ 
phylactic treatment may be found that will produce immunity in that 
particular case , but that samo method of treatment may or may 
not bo applicable to another animal or to anothci disease affecting the 
same animal 

It is the failure of taking into account this variation of circumstances 
that, I believe, moie than anything <^o has chocked tho success of 
a number of experimenters. 


Immunity fnm At huh, ttwl Jifsinttnirr to ((dual Symptom* of Diseaw. 

Tho study of the anti-cholera inoculation in India has revealed a new 
problem m the subject of prophylactic treatment 

Tho particular diameter of cholera epidemics, which nppeiy un¬ 
expectedly, do not last, and in places where they are permanent, are 
spread and scattered o\ ei large areas, makes the study of that disease 
and the demonstration of the effect of a preventive treatment m its 
case a matter of much greater difficulty than is the case in localised 
contagious diseases, liko smallpox, or in plague , and although a large 
amount of material has been collected alroady, it is desirable that 
further obset rations be still added to tho present ones confirmatory of 
the results obtained. 

The information collected permits, however, already of pointing out 
vory important features in the working of the anti-cholera inoculation. 

The most extended and continuous olworvations on the subject were 
organised by the Municipality of Calcutta, upon the enlightened 
initiative of Professor W J Simpson, late Health Officer, and under his 
continuous supervision, as well as my own. Those observations refer 
to tho cholera stricken suburbs of Calcutta, tho so-called “ busties 9r 
or groups of huts situated i ound the tanks, where rain-water is collected 
during the monsoon. 

Some 8000 people were inoculated in those localities, and for two 
years observations were made aud the results collected as to the occur¬ 
rences of cholera in the huts inhabited r by the inoculated. 
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In the vast majority of cases thoro lived m the same families 
members who had not been inoculated, together with others inoculated, 
and the possibility thus presented itself of comparing the incidence of 
the disease in individuals of the same households, exposed as much as 
it is possible to the same chances of infection. 

During the time under observation cases of cholera occurred in 
seventy-seven huts. The interval which elapsed between the applica¬ 
tion of inoculation in each particular hut and the occurrence of cholera 
in it was as follows :— 

Among mmocvUited members of the families cholera occurred—1, 2, 
3, 4, 5, 6, 9, 12, 13, 15, 17, 22, 34, 37, 44, 57, 02, 03, 71, 95, 99, 
109, 114, 118, 119, 120, 129, 132, 139, 143, 1G2, 189, 191, 203, 240, 
251, 271, 281, 284, 300, 309, 318, 319, 334, 330, 359, 3G2, 370, 
372, 378, 383, 381, 389, 391, 393, 394, 401, 404, 408, 410, 433, 446, 
448, 453, 472, 493, 498, 673, 720, 723, 724, and 738 days after the 
inoculation of the other members of the'-e families Among the 
tnocuhtfert members of the families cholera occiiried—0, 2, 3, 4, 219, 
421, 459, 512, G88, 735, and 738 days after their inoculation 

Thus fm a period of 738 days, cases of cholera octurrod among 
the uninoculatod, so to say, at all intervals after the date of inocula¬ 
tion , whereas the figures referring to the inoculated showed a striking 
variation of the incidence when compared at various distances from 
the time of inoculation Casus continued to occm among the 
inoculated for a period of four days after the treatment, and then for 
416 days they practically remained fiee from the disease, only ono 
death from cholera having .occurred among them during that time 
From the 421st day up to the end of the observations six cases occurred 
among them again. 

The relative immunity in the inoculated considered separately 
during those three periods shows that during the fii st four days the 
inoculated had proportionately 1 86 times fewer deaths from cholera 
than the uninoculated. 

During the period between the 5th and 420th days, i r , for a period 
of nearly fourteen months, the number of deaths among the inoculated 
was 22 62 times smaller than amongst the uninoculatod And for the 
rest of the tune under observation the proportion in their favour fell 
to 1 to 1*54.* The plan has since been formed of trying the effect 
of larger doses and of stronger vaccines, m order to obtain a more 
lasting protection. 

While thus the absolute number of cases and deaths from cholera 
appeared so strikingly influenced by inoculation, the peculiarity that 
became apparent from the observations in Calcutta as well as in other 

* Vtd« Health Officers Report to tho Chairman of the Calcutta Municipal Cor. 
poration, reprinted in tho ‘Indian Medical Gazette/ yoI. 31, No. 8, August, 1896. 
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places was that tho proportion of deaths to cases was not changed by 
the treatment. 

Thus, in tho observations made in a camp of coolies of tho Assam* 
Burmah liailway Survey, out of thirty-throe attacked among the 
uninoculatcd pot turn of tho camp twenty-nine died, ami of four 
attacked among the inoculated all four died. 

In tho Durbhanga prison out of eleven unmoculated attacked all 
eleven died, while five inoculated attacked lost throe. 

In tho Gaya gaol twenty unmoculated attacked lost ton, and oight 
inoculated attacked lost five 

In a group of tea plantations m Assam 154 cases in unmoculated 
had sixty doaths, fifteen casos m inoculated had four. 

In the East Lancashire Kcgiment in Lucknow 120 uninoculated 
attacked had 79 doaths, and 18 inoculatod attacked had 13. 

This circumstance, the non-reduction of tho case mortality by a 
treatment which influenced unnustakaldy tho case incidence, appears 
an astonishing divergent fiom the result of small-pox vaccination, 
where both the number of attacks and their fatality are ieduced by the 
treatment. 

Tho now aspect of the problem of preventive inoculation which thus 
presented itself in these observations on human communities consisted 
in the possibility of a prophylactic treatment )>eing directed separately 
towards the reduction of the numlier of attacks, leaving tho fatality of 
the diseaso unchecked, and towards tho mitigating of tho character of 
the disease and the reduction of the case mortality m those who get 
attackod. 


Possible 1 elation Mincn Immunity fima Attack and Resistance to actual 
Symptom* of Disease . 

In analysing the nature of this particular icsult, the following two 
facts well known in luboratoiy practice picscnted themselves to me aa 
of essential significance 

In patients who iccoior from an infectious disease the pathogenic 
microbe does not disappear from their body tor a considerable time 
after their recover) It does not do them harm any longer, though 
w hen transferred to another animal it may still cause a fatal attack. 
Similarly, as in the case, for instance, of a guinea-pig inoculated with 
the bacillus of chicken cholera, a naturally immune animal can breed 
for weeks, in an abscess, microbes of an intense virulence without in 
the least suffering in its own general hoalth. 

A condition seems to set in in the convalescent pationt, or to exist in 
naturally immune animals, by virtue of which they do not suffer from tho 
results of activity of a pathogenic microbe, •>., from its morbid products ; 
and from that timo the presence of tho microbe in tho system, even in 
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the tissues, becomes innocuous. Immunity against morbid symptoms 
generated by tho products of microbes does not seem to imply neces¬ 
sarily the ridding of the system of such microlies. It is known now, 
since the discoveries of Bohnng and Kitasato, that such a resistance 
to these products can bo originated artificially, by grudiully treating 
the system with increasing quantities of toxmes The system reacts by 
developing anti-toxines tending to neutralise the effect of the toxmes 

On tho other hand, Gamuleia first drow attention to tho fact that it 
is possible to create in an animal resistance to lethal doses of vnulont 
microbes without that animal acquiring any icsistance to a dose of tho 
products piopared from tho same microbes in tho laboratory. 

One seems justified therefore in considering separately two kinds of 
immunity One against the living microbe, which would prevent it 
from onteung the system and causing an attack ; and another against 
tho fatality ot the symptoms of the disease caused by tho pioducts of 
the microbe when the latter oVorcomes the initial resistance and does 
invade the system. 

In the inoculation against cholera, which is done with tho bodies of 
microbes, the first result alone is obtained 

Those considerations were confirmed by a set of laboiatoiy experi¬ 
ments by Pfeiffer and Kolle, intended to verify our Indian results, 
find in the course of which they detected in tho scittm of men inocu¬ 
lated with only ono dose of cholera vaccine an extremely high pro¬ 
tective power, equal to that which, in goats for instance, could be 
created only after a very prolonged treatment, extending over five 
or six months, and including injections with gigantic doses of cholera 
vaccine. 

On analysing, however, in detail tho properties of that serum they 
found that it possessed an intense power of destroying tho cholera 
microbes, but exhibited no antitoxic properties capable of noutialising 
the effect of the products of those microlics. 


The Plan of Anti-play ue Inoculation, 

When, in 189G, I was confronted with the problem of working out a 
prophylactic treatment against the plague, I determined to put to test 
t the ideas originated by the observations on our cholera patients, and to 
attempt, in tho new preventive inoculation, to obtain at once a lower¬ 
ing of the susceptibility to the disease, and a reduction of tho case 
mortality. 

This I resolved to obtain by treating the system with a combination 
of tho actual bodies of microbes and of tho concentrated products of 
their activity. 

In presenting tho above considerations, I beg that thoy may be con 
sidered as provisional, subject to modification or to'complete refutation. 
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There may exist already facts unknown to mo, which are opposed to 
the guesses implied in them. It was those guesses which led to the 
results obtained in the plague inoculation, but, in giving the reasoning 
which I passed through whu working out the method, I am yiolding 
only to a demand expressed to me to that effect, as I considered that 
part of my communication unnecessary, the more so that the theo¬ 
retical conjectures above enumernted « c iro not shared even by very 
eminent exponmenters, such as Pfeiffer himself, to whose results I owe 
some of my premisos; and the correctness of the composition of the 
plague prophylactic, with regard to the extracellular toxmes which I 
have added to it, the so-called supernatant fluid of the plague prophy¬ 
lactic has been the subject of an animated ute. 

It is certain that no theoretical views cu<^ ved by one experimenter 
are binding, or need even be interesting, to others. What is obligatory 
is the acceptance of the results obtained. 

The Plague PiophyUictic . 

In order to accumulate for the plague prophylactic a largo amount 
of extra-cellular toxines, the bacilli are cultivated on tho surface of a 
liquid medium whore they are suspended by means of drops of clanked 
butter or of cocoanut oil. 

The bacilli grow down in long threads mto the depth of the liquid, 
and produce what 1 have termed a stalactite growth in broth, an 
appearance quite peculiar to this microbe, and which, I hope, will l»e 
accepted as the specific diagnostic feature of this microbe 

The products of their vital oxchange—tho toxines—are secretod by 
the stalactites mto the liquid and accumulate there. 

The growth is periodically shaken off the surface of the broth, after 
which a new crop appears underneath that surface. 

Thus a large quantity of the bodies of microbes is collected at the 
bottom of the cultivation vessel, and the liquid itself gets gradually 
permeated with increasing quantities of toxines. 

Tho process is continued for a period of five to six weeks, at tho end 
of which tho bodies of tho microbes become extremely deteriorated. 

It will bo seen from this that, m my eagerness to put to test our ability 
to influence the case mortality I may have, perhaps, paid less atten¬ 
tion than I might have done to tho problem of reducing the number 
of attacks; and I have now sketched out a simple plan whereby to 
test this circumstance, and to try to improve our results from this 
point of view. 

In order to render harmless the inoculation of the virus above 
described, I determined to kill the microbes by heating the material up 
to 65 to 70° C. The virus so treated, differing from what is observed 
in some other instances, loses at once, for the animals susceptible to the 
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disease, almost all its pathogenic power; and it was a question to 
determine, whether it contained the qualities that woro sought for, 
viz., the power of creating t n man a useful degree of resistance to 
plague. 

The plan has been contested by nnumber of expcnmenteis who tried 
a material similarly prepared on different animals and failed to detect 
in any immunising properties. 

Among other forms of plague vin which were tested by ns, and by 
other experimenters, a large numljer w r cre fotind to bo too dangerous 
to use, in other instances the mode of application was inadmissible in 
the case of men , m other' again, the effect appeared too transient to 
be of practical use 


The Piopniu’it of the Phnjne Ptojdu/htftn . 

The immunising effect of the plague prophylactic, as above described, 
was worked out on domestic labbits, and its actual etfiuoncy was 
verifiod and confirmed by a liumlwr of investigates who expen- 
mented on the infection with viiulent plague of protected and unpro¬ 
tected rabbits. 

Comparing the rabbit with other laboratoiy animals, such as the rat, 
the guinea pig, the mouse, the monkey, one may consider the rabbit as 
the one that peihaps required the least amount of protection, as its 
natural resistance to plague is relatively high. The most altered viius, 

i.c , such as was rcndeied the most haimless of all, w T as found to confer on 
the rabbit a very considerable degree of immunity, enabling it in a few 
days to resist ten or fifteen-fold lethal doses of virulent plague nucrolies 
The same treatment applied to animals of a more susceptible nature 
would, on the contrary, m many instances fail. 


2he Questions which wne to be solved hi/ E.*pn intents on Hitman Beunjs, 

At the end of our laboratory experiments a set of questions stood 
before us that wore to be solved by direct experiment on human 
beings. Those questions were — 

1. Would man behave with regard to the prophylactic like the 
animals upon which its protective power had been worked out 1 

2. If it so happens that the answer is affirmative, .wjmt would the 
dose of tho prophylactic, and the method of administering it bo; and 
would not the dose required be so high, and the reaction to be pro¬ 
duced so severe, or the number of inoculations to bo repeated so great, 
as to rendor the treatment inapplicable to men, or impracticable 1 

3. How many days counting from tho date of inoculation would it 
take to produce in man a useful degree of immunity t 

4. How long would that immunity last 1 
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And lastly, there followod two questions, to which my experience 
of the anti-cholera inoculation entitled mo to give a reassuring answer, 
blit the correctness of which it was necessaiy to demonstrate afresh m 
the case of plaguo, viz 

5. During the peuod of loactionary fever and all tho other symptoms 
produced l>y inoculation, will the resistance of tho inoculated exposed 
to plague he, for the tune l>omg, reduced, 01 remain tho same, or^be 
increased ? i ?, would it constitute a danger to apply the inoculation 
in localities actually affected with plague ? and 

C. When a man who happens to bo incubating the plague, or to have 
initial symptoms of the disease already, chances to bo inoculated, 
would it aggiavdte his condition, or have no effect, or on tho contraiy, 
help him 1 

1h monshation of the 7/ru m/fsww of the Treatment 

The perfect harmlossnoss of tho inoculation was first of all demon* 
titrated by tho officers of tho Laboratory, the Principal and Professors 
of the Grant Medical College, a largo number of leading European and 
native gentlemen of Bombay, and then families and households, being 
inoculated And then, in tho last week of January, 1897, when the 
plague broke out in Her Majesty's House of Correction at Byculla, 
m Bombay, the option of inoculation was offered to the prisoners. 

The E.qH'i i went in Hn Majesty 7 s ByruUa Home of Von return , Bombay, 

Tho Byculla House of Correction is a long-term prison. There aie 
no children, nor very young people among the inmates, there being in 
Bomlmy a separate establishment, tho Sassoon Kefurmatory, where 
minor criminals are sent. 

Tho prisoners of the House of Correction present a well-fed, woll 
cl.id, regularly workod, and almost as uniform a set of people as can be 
soon in a regiment, amongst whom one could scarcely see a single 
infirm or very aged individual. 

At the appearance of plague the prisoners numbered .346 souls. 

The inoculation was introduced after nine cases of plague had 
already occurred, five subsequently ending fatally; there remained 
thus 337 individuals to be dealt with. Of these, 154 only volun¬ 
teered for inoculation, and 183 remained uninoculated. 

On tho 30th January, in tho forenoon, before the inoculation was 
applied, six more cases occurred, of which three afterwards proved 
fatal. The inoculation was applied in the afternoon, and afterwards 
it was discovered that one more prisoner had already a bubo on him 
when inoculated, while two prisoners developed buboes the same evening 
after their inoculation. These throe cases, attacked on the day of 
inoculation, proved also fatal. 
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After that, the difference which was observod in the fate of the two 
groups, the inoculated and umnoculatod, is soon from the subjoined 
tablo ■—* 


Occurrences m umnoculatod i Occurrences m inoculated ‘ 


Date of occur)cnce 
« of plague 

N nrnber of 
umnoculated 
present 
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1 Number of 
] inoculated 
present 

Cases. 

Fatal 


1897. 

i 



} 

1 

23rd to 29th January, 

1 

9 

5 

i 


previous to the day 

i. 



, 


of inoculation 

l 

1 



n 


>* . 
a a 

''Forenoon, bo- 

1 

i 1 





H o 

fore mocula- 

| 





, <b 

A * 

tion ... 


6 

3 











Afternoon, 






1 ^ ° 

alter mocula- 

1 





8*8 

tion. 

! 


•• 

1 

3 

3 

1st day after moi ula- 

• 





tion, 81.1 07 .. .. 

•! 177 

2 

1 

i; i5i i 

l 

, 2nd day after mocula 

'i 



;! 


tion, 1 2 97 . 

172 

1 

1 

1 150 


3rd day after mocula- 

I- 





tion, 2 2 97 .... 

173 

1 

1 

146 


5th day otter mocula* 






tion, 4 2 97 . 

171 

l 

1 

146 

, 

6th day after mocula* 

t 



. 


tion, 5 2 97 . 

, 169 

2 

1 

i 146 


7lli day after mocula* 

] i 



1 


tion, 6 2 97. 

i 169 | 

6 : 

1 

116 

1 

1 Total 

after the day 




. | 

i 

of inoculation .... 

1 172 

12 

6 

I 147 

2 

No , 

• 


] umnoculated, 

cases 

deaths 

| inoculated, 1 

cases 

deaths 

1 


1 average dad} 



average daily; 

i 

' 


1 strength. 



1 strength, 

i 

i i 


* Uunng the tinto under observation the number of umnoculated was reduced 
on tlio second, fifth, and sixth day after inoculation by three, one, and ono dis- 
( harged prisoners, whose terms of confinement expired on those days, and it was 
increased on the third and seventh day by two and two prisoners newly admitted 
into the jail. The number of inoculated was reduced on the third day after inocu¬ 
lation by four released prisoners. 

No information as to the subsequent history of these few released (umnoculated 
and inoculated) prisoners reached the authorities or the officers of the Laboratory, 
but the question had no interest for the expenmont, stnoo their conditions of life 
and thoir exposure to plague ceased to be comparable from the time the prisoners 
were discharged into a large city, with various chances of infection*different in its 
different quarters. The observations referred only to the prisoners w ho remained 
exposed to plague under the conditions of the jail 
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With the exception of the fourth day, cases of plague continued to 
occur among the uninoculatod group for seven days after inoculation, 
their average daily strength throughout the week being 173; altogether 
twelve cases occuired among them with six deaths, while in the 148 
inoculated theio was one case on the next day after inoculation, who 
rapidly recovered, and one on the last day of the epidemic, who 
recovered also. 


of the Result* of the Jh/rulla Jod Experiment, 

A glance at the above table will show tho progress which was made 
in our infoimntion liy that initial experiment, and how far it carried 
us ahead from the stato of uncertainty which surroiuxded the question 
originally 

The dose of prophylactic administered to tho pnsoners was 3 c.c. 

They all had tho customary attack of fever from tho operation, with 
the discomfort accompanying that condition,—a headache m many 
cases, nausea, loss of appetite for a couple of days, a feeling of fatigue 
and lassitude, recalling a mild attack of influenza, with swelling ami 
pam in the inoculated side. Did, howovei, all this make them more 
susceptible to the disease than weie their non-inoculated fellow inmates ? 
It is certain that tho rebults testify unmistakably to an opposite 
effect 

Further, the incubation poi lod in plaguo appeals to be on the aveiage 
five days, extenf^hg, however, not unfroqucntly up to ten. 

A* to tho few newly admitted (umnocnluted) prisoners mentioned abo\o, none 
wore subsequently uttoekrd, and the eases of plaguo «t»ted in tho tuble refer all to 
old residents, who were present in the jail on the day, and long betoro the day, ot 
jnoeulntioii. Had a ease ot plague oeourred in any of tho umiKH'ulated new¬ 
comers, it would not. ha>e been included in the comparison with the o«iurreuces 
among the inooulatod inmates, since sueh new comer hud been exposed outside the 
jail to condition* of infection other than those which existed inside the pul. Not 
withstanding this, it was permitted that the number of tho umnoiulnted new¬ 
comers should bo added by the jail authorities to tho strength of the uninoculatod 
as quoted m the table, smeo this tended to weaken, and not to exaggerate, tho pro¬ 
portion of immunity obtained by inoculation 

In a similar way, in the outbreak of plaguo in the second (Umerkadi) Bombay 
jail, described below, one of the three attacks among inoculated persons, an reported 
hy the jail authorities, namely in a man named Sital Vary, prisoner No. 7542, 
occurred after he had been set at liberty in tho city. Had it been an attack in an 
uninoculatod pereou, it.would not lwse been admitted into the comparison with tho 
inoculated, for tho reason mentioned above, i e. t because the conditions of infection 
outside the jail were not comparable with those in the jail But as this was a case 
in an inoculated subject, and tended to present tho results m a less favourable light, 
it was included in the record 

Every prisoner attacked with plaguo and taken away to the isolation or plague 
hospital was excluded on the subsequent day from the strength of those who 
remained in the jail and were still liable to an attack. 
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Of the twelve prisoners in the unmodulated group who developed 
plague during the next few days after the date of inoculation a large 
proportion, if not all, must have been already incubating the disease 
on that day; and soeing the perfect similarity of conditions under 
which the inoculated and the umnoculatod, who belonged to the same 
crowd of people, wore living, one could infer safely that a similar group 
of individuals incubating plague was present among the inoculated 
also at the time when the inoculation was {wrformed on them. 

The inoculation, however, did not aggravate their condition, as the 
number of inoculated who developed plague, counting from the first 
twelve hours of inoculation, was propoi tionatoly five times smaller 
than the con esponding number among the uninoculatcd, and the two 
cases that appeared among the inoculated, one on the very next morning 
after inoculation, both ended m lecovory 

As far as that first experiment went, theicfore, men behaved like the 
laboratory animals upon which the prophylactic properties of the drug 
had been worked out. 

For communicating that protection one injection of prophylactic 
appeared sufficient, with a dose of 3 c.c., which dose, however, m oui 
subsequent operations was futther i educed to 2£ c.c 

The difference in favour of the inoculated appeared within some 
twelve hours after the operation , but the man who waflnoculatcd with 
plague on him, and the two who developed clear swyfioms °f plague 
the same evening, did not benefit by the operation. 

This completed the first information gathered witHHfeid to five of 
the six questions enumerated above No answer could To given as to 
the final duration of tho effect of inoculation, except that the operation 
appearod to be useful m a localised already existing epidemic, extending 
over so\en days 


The E.tpenment tn the Ujnethnh Common Jail, limuhinf 

In the next case tho strictness of the conditions of tho last experi¬ 
ment was enhanced fuithcr This was m the second Bombay jail, the 
Umorkadi Common Jail. 

The plague broke out there at the end of December, 1897, and by 
the 1st of January throe prisoners wore attackod and all of them sub¬ 
sequently died. 

In the interval between tho opeiations in tho two jails, some 8000 
people m the free population of Bombay had already availed them¬ 
selves of the inoculation 

This time tho whole of tho prisoners, numbering 401, appeared willing 
to undergo the preventive troatmont. In view of tho novelty of the 
operation, however, and of our responsibilities tofore the government 
and the public, and the necessity of demonstrating clearly the effect of 
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inoculation, the prisoners wore not allowed to undergo the treatment 
in h body, and it was resolved that only one half of them should be 
permitted to do so. 

The manner in which that half was selected guaranteed the elimina¬ 
tion of all possible errors usually inherent to observations on human 
communities. 

The population of a jail in India is gathered into several groups, 
the largest being the ordinary convicts divided into flimple prisoners 
and hard labour convicts; then there is a group of civil prisoners, 
debtors , a group of undor-trml prisoners, of com let warders, of cooks, 
bakers, men employed m the infirmary, &c ; and a separate group of 
female prisoners. 

On the morning of the 1st of January, 1898, in the presence oi 
Major Collie, I.M K, and Dr. Leon, medical officers, Mr. Mackenzie, 
the superintendent, and of all the officials of the jail, the abo\e groups 
wete brought one after the other mto the jail-yard, and asked to seat 
themselves in rows, and after all were seated, ovciy second man 
without further distinction was inoculated, excepting two of them, who 
did not volunteer for the treatment 

From this moment the even numbers, the inoculated, were left to live 
with the nninoonlated, under conditions identical with those under 
which they wore living Ixaforo They had the same food and drink, 
the samo hours of work and of rest, shared with them the same 
yaids and buildings, &c 

In this case fatal attacks continued to occur in the jail for thnty 
days, during which time an almost equal number of prisoners, inocu¬ 
lated and urmiocuiafced, were discharged fiom jail, and thus excluded 
from further observation 

The average daily strength of the uninoculatcd who remained in the 
jail up to the end exposed to the plague was 127, and of the inocu¬ 
lated, 147. 

In the smaller uninoculated number, ten cases of plague occurred, 
six of them proving fatal; while tho larger inoculated number pro¬ 
duced three caeca, of whom all recovered. 

In these three casos, however, in the inoculated, tho character of the 
disease was so much mitigated that the authorities of tho Government 
hospital at Parel, Bombay, where they were sent, hesitated to return 
them as plague, and tho Director-General of the Indian Medical Service, 
who examined two of them, diagnosed them as mumps. They were 
returned as cases of plague in order that no possibility of error in 
favour of the inoculation should be admitted. 

The Expa iment in the Dhni war Jail . 

On the third and last occasion, when tho plague broke out in a jail, 
the authorities did not feel justified in withholding tho inoculation 
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from any of the inmates, and all were permitted to be inoculated. 
This was in Dharwar, at the end of October and the beginning of 
November, 1808, during the terrible outbreak of plague m that town 
and district, the news of which must have reached you e^en here. 

Five cases of plague, of which one was imported, and four in old 
residents of the jail, occurred, all hve ending fatally. 

The prisoners, then numbering 373, submitted in a body to inocula¬ 
tion, and only one case followed, in a man attacked two days after 
inoculation, and ho recovered, the only one of the six. 

The Et/w intent of Undheta, in a Ft re Population. 

The most carefully planned out and preuse demonstration of the 
working of the prophylactic system among a free population, exposed 
to a great amount of infection, was that made in the village of 
Undhera, six miles from Baroda. 

The following was the mode of operation adopted — 

A dotailcd census was made by the authorities of all the inhabitants 
of the place, and on the 12th February, 1898, when a eommitteo of 
British and native officers arrived to carry out the inoculation, the 
people were paraded in the streets, m four wards, family by family. 

Major Banncrman, I M S., of the Madras Medical Establishment, 
and myself, accompanied by the lkuoda officials, went from one house¬ 
hold to another, and, within each, inoculated half the number of the 
raalo members, half that of the females, and half that of the children, 
compensating for odd figures that happened to be m one family by odd 
figuros in another I, personally, and the officers who wore with me, 
directed special attention to distnhuting tho few sick in the two groups 
of inoculated and uninoculatod as equally as our judgment permitted 
us to do. 

The plague, which had carried off, before inoculation, seventy-nine 
victims, continued afterwards in this instance for forty-two days and 
appeared m twenty-eight families, in which tho aggregate number of 
uninoculated was sixty-four, and of inoculated seventy-one. 

The total number of attacks m those families was thirty-five, and 
they were distributed as follows *— 

Tho 64 uninoculated had 27 cases with 26 deaths, 

Tho 71 inoculated „ 8 „ 3 „ , 

thus showing 89*65 per cent, of deaths fewer in the inoculated mombers 
of the families than in the uninoculatod. 

There wore no deaths from other causes m the inoculated of the 
village, while among the uninoculated there were three deaths attri¬ 
buted to causes other than plague. 

The subjoined figures show the number of days which elapsed 
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between the date of inoculation and the occurrence of a death from 
plague in the families. The first row of figures refers to occurrences in 
uninoculated members, the second to occurrences in inoculated, while 
tho small figures show the number of deaths which occurred in each 
group on those (lays:— 

Deaths from plague occurred in uniuoculatod— 

3* 4* r>s 7’- i 8 3 -10 3 ll 8 121-151 16 i 19 i 2 0' 21 1 24 1 32* and 42 1 , 

mid in inoculated 

-tp-12 1 and 14 l - 

days after date of inoculation. 

There had elapsed therefore eight days, during which eleven deaths 
from plague occuned among the unmoculated members of the families, 
before tho first death took place m an inoculated case. The inocula¬ 
tion has again acted, so to say, immediately, or, to use the mode of 
expression which we have adopted, has exorcisod its protective effect 
within the time necessary for the subsidence of tho yeneud reactionary 
symptoms produced by tho inoculation 

Tho investigation in this village was earned out by Surgeon-(Tenoral 
Harvey, tho Director-General of tho Indian Medical Service, and a 
committee ol British and native officials Every member of tho family 
who survived was seen, his particulars verified from tho documents, 
and every detail was confirmed from tho registers kopt at the time, 
and from tho testimony of tho whole of the village* s, who wore proaont 
throughout the inquiry 

ErjwnwnU on o Lai ye Scale A envy? of the Hesults obtained. 

I havo dwelt so long upon the description of the above experiments 
not becauso they were tho largest in volumes or tho most striking 
which were made, but becauso they Mere the most prcciso of all, and, 
sit far as I am aware, free from any possible loophole of mistake. 

I made piolouged and detailed observations in very severely aftcctcd 
communities of Lanowlio, in a population of 700 people, and among tho 
followers of tho artillery at Kirkeo, numbering at the time 1530. Very 
complete data were collected by Professor Robert Koch and Professor 
Oaffky, of the German Government Plague Commission, by Major 
Lyons, I.M.S, of the Bombay Mochcal Establishment, and by myBolf, 
in tho Portuguese colony of Damaon, in a population of 8230 indivi¬ 
duals, during a frightful outbreak of plague there, which lasted more 
than four months, in 1897. A minute investigation extending over 
four months, was made by me in the Khoja Mussulman community of 
Bombay, numbering some 12,000 people, where about half of the total 
number were inoculated under tho auspices of His Highness tho Aga 
Khan. A most comprehensive inoculation campaign, and with widely 
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reaching and moat satisfactory results, was carried out, under Mi. 
Cappel, late Collector of Dharwar, by Captain Loumann, I.M.S., Dr. 
(Miss) Corthorn, Dr. Hornabrook, Dr. Foy, Dr Chcnai, and others, in 
three adjacent small towns of Ilubli, Dharwar, and Cadag, whoro 
80,000 people were inoculated. The latter was the most magnificent 
piece of work done, from the point of view of practical application of 
the method, and of the tcbtmg of its gonejal efficiency. 

With the extension of the numbei of inoculated the exactitude and 
precision of observation certainly buffer. A mimlicr of questions and 
objections arise with regard to points of detail, which it is not always 
possible to answer with icitaint). Such wholesale observations are, 
however, required to enable us to judge whether the application of the 
method as a general measiuc answeis to the expectations formed; 
whereas the exact extent of the results is only to bo gathered from 
mathematically precise expciiinonts, mutating the conditions of labora¬ 
tory practice, such as were those which I ha\o detailed above 

The difference m the mortality from plague in inoculated and imin- 
oculated sections of communities was estimated to average over 80 por 
cent., approaching often 90, as was the rase in Undhera described 
above. The lowest proper lion over observed in the experiments which 
I made personally was 77 9 per cent , this was at Knkoo. 


El)at on the ('itsc Moitnfih/, 

A \ery accurate set of data wore collected in almost all the laiger 
hospitals whore inoculated plague cases were admitted, upon the fatality 
of the disease in inoculated Thesis were to the effort that the case 
mortality among them was some SO l>ei cent lower than among 
uninoculated plague cases A numbei of documents on tins point has 
lioen collected by the Indian Plague Commission and will, I trust, 
appeal m their iccords 


Minimum Duration of the Effect of the Phujae Iimnilatmt. 

As to the duration of the effect of the plague inoculation, the only 
statement which can Ijc made for the present is that it lasts at least for 
the duration of one epidemic, which, on the uveiago, extends over 
four to six months of the year. 

The Government of India have ret ognihcd the inoculation certifi¬ 
cates, entitling the holder to exemption from plague rules, as being 
valid for a period of six months; on the understanding that if accurate 
data are forthcoming as to the effect lasting longer, the holders 
will be permitted to renew their certificates for another period, without 
being reinoculated. 


VO T* LXV. 


X 
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The fm ther Problem put mud ui the Bombay Platjtte Research Laboratory. 

The task which lies now befoie the Plague Laboratory m connection 
with prophylactic inoculation comprises the following problems:— 

Tho perfecting of processes for tinning out largo and uniform quan¬ 
tities of material, and avoiding the variations due to tho character 
of the plague nncrolio, and to the differences in the composition of 
tho cultivation media ; 

Tho further investigation of tho diffeient constituents of tho plague 
prophylactic, with a mow of intensifying those which produce 
definite and bench< lal results ; 

The possible mitigation ot the leactionary symptoms after inocula¬ 
tion , and 

Tho study of the effect of antiseptics used for preserving the prophy¬ 
lactic , 

while the most important general problems concerning plague relate to 
the study of the curative treatment and to the life-history of the 
plague microbes in nature. 


The Typhoid Tuoi illation . 

Tho inoculations against chnloia and plague, which are the outcome 
of the work of Jenner, Pasteur, and Koch, and their admirable succes¬ 
sion of pupils, contain m their turn a promise of doolopmcnt and 
success, which, I tiust, will be only enhanced at every subsequent 
step, and which, it seems to mo, already warrants the application of 
the same kind of effort to other diseases and epidemics 

In this order of ideas permit me to enter a plea in favour of a 
new inoculation campaign, which has been inaugurated already, and 
which I hopo will lie earned out. successfully, for the benefit of a large 
number of soldiers of this country residing in India, and of white men 
m general m all tropical countries. 

Tho problem of typhoid inoculation has quite a special interest for 
Europeans, as much as cholera has for the natives of India. Typhoid 
proved to be a more difficult disease to eradicate from* military canton¬ 
ments than cholera. It is possible that tho explanation of this lies in 
what is already known of the character of the microbes of these 
diseases. 

Tho typhoid bacillus when subjected to different chemical and physical 
agents, such os acids or antiseptics, or a high tenqierature, or desicca¬ 
tion, or the admixture of other microbes, appears far more resistant 
than the cholera microbe. 

Such a character would ensure for the typhoid bacillus an existence 
in moro varied media, under more various climates, and a greater inde- 
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pendence from seasonal or local changes, than is the case with the cholera 
microbe. 

Outside the endemic area cholera remains in one and the samo place 
hut for a few weeks, and in any given part of a town often for a few 
days only. It is rare that it visits the same barrack more than once in 
five, sometimes ten years, and when it occurs, a temporary evaluation 
of the place puts a stop to the disease 

The typhoid virus, on the contrary, sticks to an infected locality for 
years, and causes a continuous incidence of the disease for which occa¬ 
sionally nothing short of a complete desertion of the Htation is 
effective. 

At the same time, while the cholera infection seems to bo almost 
exclusively confined to the watei supply, m typhoid the improvement 
of the water appears to leave intact a largo number of other sources of 
danger which up to the present have escaped detection. 

While thus differing in their life-history in natuie, the bacilli of 
cholera and typhoid present important common features in the maimer 
m which they behave in the human and animal body. 

The chief centre of infection in both instances is the intestinal canal, 
the circulatory s\ stem remaining free from invasion When inoculated 
into animals, both microbes admit of the same kind of transformation 
by passages from animal to animal ; and against l with immunity can 
be cioatud m laboratory animals by the same pieparation of virus as 
used in tho inoculations for cholera, while, when examining the tissues 
of immunised, animals, the same modifications aic detected in them as 
thoso observed after the anti-cholera inoculation. 

These considerations have letl us to expect fiom the typhoid inocula¬ 
tion in man a similar protective effect to that observed in tho inocula¬ 
tion against cholera, and seeing that the period of life dm mg which tho 
newcomers to India lemain susceptible to typhoid extcmls only over a 
few years, it would seem that the application of tho system, when 
properly organised, is likely to piove of a very high practical value 


Inoi tilafum and Genet at tfantfan/ Measure*, 

Tho anti-cholora inoculation, the inoculation against plague, and that 
against typhoid thus came to put themselves on tho same line as 
vaccination, and represent attempts at dealing with epidemics on u 
plan differing from measures of gcneial sanitation. During tho last 
few years tho question has, thercfoie, been frequently debated as to 
tho relation in which tho two stand to each other 

It is scarcely necessary to say that inoculation cannot bo sulistituted 
for a good water supply, tho draining, cleansing, or improvements in 
the building of cities, or for the admission of a larger amount of light 
and air into over-crowded localities, for all those measures to which the 

X 2 
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nations owo the marked improvement in health which has taken place 
during the present century. 

Only, injustice would l>o done to the sanitanan by calling him in 
when a patient lies alieady on his sick-bed, or when an epidemic 
actually breaks out m a community, and by asking him to stay the 
sickness, or the epidemic, to improve the health of the population, so to 
say, while ) on wait. 

To be dealt with, epidemics, like individual diseases, require specifics, 
promptly admimstrablc remedies, and measures of general sanitation 
can bo no more advised for attesting a slurp outbreak of cholera or 
plague than an individual patient be directed to biuld for himsolf a new 
house, or to dry up the marshy lands or to cut down the jungle round 
his habitation when ho requues a dose of quinine to arrest an attack 
of ague 

The part of vaccination and of preventive inoculation in combating 
epidomus stands m the same relation to general samtaiy measures as 
therapeutics and the ait of the healing physinan stand to domestic 
hygiene and sanitation It is certain that ncithei of these can ever bo 
substituted for the other. 


InocuhthoH ttuil the Set ft ctjo turn-]) wnfer turn Method 

A comparison of another kind now very actively discussed is that 
between the methods of combating epidemics by separation of sick and 
healthy, and disinfection, on the one hand, and by preventive inocula¬ 
tion of the people, on the other. 

From this point of view the following distinction between infectious 
diseases is to bo made — 

When w'o take some affected tissue from a leper, or a pustule from a 
small-pox patient, or virulent saliva from a rabid animal, or some 
syphilitic matter, and throw it into milk, broth, or any oiganic sub¬ 
stance such as is to lie found in the ordinary siuroundings of men, 
it produces no modification in the medium, and in the course of time 
loses its infective properties and dies out. Whon, on the other hand, 
we repeat the experiment with cholera, or plague, or typhoid products, 
instead of dying out, the contagion begins to grow and multiply, 
spreads in the medium and soon transforms the whole of it into one 
mass of infectious matter. 

It is evident that such a distinction—the strictly parasitic naturo 
of one microbe and the capacity of the other to lead both a parasitic 
and saprophytic life—must influence most directly the ways in which 
these diseases spread and assume epidemic forms, and also the measures 
which are likely to be effective in combating them. 

In the first instanco the infection must remain confined entirely, or 
almost so, to the body of the patient, and the disease can be propagated 
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only directly from individual to individual, or by means of their im¬ 
mediate belongings. It is the inability of a vims to grow m lifeless 
nature that communicates to that disease a strictly contagious cha¬ 
racter. 

In the second case, provided tho sin rounding conditions be favour¬ 
able to it, the vn us will spiead widely around the original focus, and 
the sources from which infection reaches fresh individuals will grow in 
number rapidly 

From the point of view of pievcntive measures, theiefoie, m diseases 
like rabies, or syphilis, or srnall-pox, or leptosy, where infection is to bo 
found in the patient alone, prec autions of isolation taken with regard 
to tho sick and then immediate suiroundings, must affect directly tho 
prevalence and propagation of the disease , whereas in typhoid, choleia, 
or plague, whcio the patient is only one, and proportionately a limited, 
source of danger, his isolation, and the destruction of his belongings, 
leaves unaffected tho vast cnltnalums of infcctiou which aio going on 
in nature besides. Measures taken for (lmnnscubing tho pi ovalence 
of an epidemic by isolating and destroying tho fou of infection are less 
likely to succeed m tins category of diseases , attempts at eradicating 
an epidemic or at protecting individuals by ways which appear effec¬ 
tive in merely contagious diseases will be in this case easily eluded, 
and the necessity of personal protection by means of a prophylactic 
treatment will room be urgently felt and acknowledged. 

Conrlmwn, Th Ojfnvis oho agisted m the IhuUnohujiad Investigation in 

India . 

My Lord and Gentlemen— Penmt me, before I lea\c this place, to 
pay a tribute of gratitude for assistance and eo-ojicratum in tho inves¬ 
tigation work m India to the Officers of tho Indian and Bombay 
Governments, to the Ihreetor-Cleneialof the Indian Medical Soivice, to 
Lieut-Colonel Owen, Major Bannemian, Major Lyons, Major Hoilwrt, 
Captain Thorold, Captain Hare, Captain James, Captain Vaughan, 
Captain Maynard, Captain Karle, Captain Stevens, Captain Green, 
Captain Clarkson, Captain Milne, Captain Leumann, of the Indian 
Medical Service, to Di (Miss) Corthorn, Dr. Gibson, Dr. Marsh, Dr. 
Balfour Stewart, Dr Kunsome, as well as to l)r W. J. Simpson, Dr. 
Powell, Dr Mayr, Dr. Surveyor, Dr. Paymaster, Mr. E. II. Hunkm, 
the distinguished bacteriologist of tho North-West Provinces of India, 
to His Highness tho Aga Khan, and to a number of other European as 
well as Indian gentlemen, happily far too numerous to permit of my 
mentioning them all. 
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Jtuu 15 , 1899 

Tho LORD LISTER, F R C K. f D.C L , President, in the Chair. 

Professor E. W. Brown (elected 1898) was admitted into the Society. 

Professor W. F. Barrett, Dr. Charies Booth, Professor A. C. ILiddon, 
Mr. Richard Thielfall, and Mr. A. E Tutton were admitted into the 
Society. 

A List of the Presents received Mas laid on* the table, and thanks 
ordered for them 

A communication on the Echelon-grating Spectroscope was made by 
Professor A. A Michelson, of the University of Chicago. 

The following Tapers were road — 

I. “ A Comparison of Platinum and Gas Thermometers, including 
* a Determination of the Boiling Point of Sulphur on the 

Nitrogen Scale an Account of Experiments made in the 
Laboratory of the Bureau International des Poids et 
Mcsuies, at Sevres.” By Dr P CiiAmus and Di. J. A. 
Marker. Communicated by the Kew Observatory Com¬ 
mittee. 

II. 11 A Preliminary Note on tho Morphology and Distribution of 
tho Organism found in the Tsetse Fly Disease.” By H. G. 
Pummek and J. Rose Bradford, F.R.S. 

III. 11 The Colour Sensations in Terms of Luminosity.” By Captain 

Aiiney, C B., R.E., F.K S. 

IV. 44 On tho Orientation of Greek Temples, lieing tho Results of 

some Observations taken in Greece and Sicily, in May, 
1898.” By F. C. Penrose, F.R.S. 

V. “The Absorption of Rontgen Rays by Aqueous Solutions of 
Metallic Salts.” By Loud Blythswood and E. W. 
Marchant. Communicated by Lord Kelvin, F.R.S. 

VI. 44 On the Oxidation of Carbon at ordinary Temperatures by 
means of Atmospheric Oxygen with the Production of 
Electrical Energy.” By W. E. Case. Communicated by 
Sir William Prekce, F.R.S. 
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VII. “ The Conductivity of Heat Insulators.'* By C G Lamb and 
W. O. Wilson. Communicated by Professor Ewing, 
F.R.S. 

VIII “ On Simultaneous Partial Differential Equations and Systems 
of Pfaftiana ” By A C Dixon. Communicated by Dr. 
J. W. L. Ulaisiier, F U S. 

IX “On the Cumpaiativo Efficiency as Condensation Nuclei of 
Positively and Negatively charged Iona.” By C. T lv 
Wilson. CommumiaLod by the Meteorological Council. 

X. “Data for the Problem of Evolution in Man. II. A First 
Study of tlie Inheritance of Longevity and the Selective 
Death-rate in Man ” By Miss Mary Bketon and Professor 
Karl Pearson, F US. 

XI “Collimator Magnets and the Determination of the Earth's 
Horizontal Magnetic Force” By Dr. C CllIlEE, F.R.S. 

XII “On the Resistance to Torsion of teitain Forms of Shafting, 
with special Reference to the Effect of Key ways.” By 
L. N G Filon Communicated by Professor M. J M. 
Hill, F.US 

XIIT. “On the Waters of the Salt Lake of TTnni.” By R T. 

GdNTUER and J. J Manley. Communicated by Sir John 
Murray, K.C B , F U S. 

XIV. “On the Application oi FounePs Double Integrals to Optical 
Problems” By Ciiakles Godfrey. Communicated by 
Professor J. ,J. Thomson, F.R.S. 

XV. “ On Diselectnfication produced by Magnetism. Preliminary 
Note.” By C. E. S Phillies. Communicated by Sir 
William Crookes, F.U.N 

XVI. “ On the Orbit of the Part of the Leonid Stream which the 
Earth encountered on 1898, November 15.” By Dr. A. A. 
Rambaut Communicated by Dr. G. J Stoney, F.R.S. 

XVII. “On the Numerical Computation of the Functions Gtq(x), 
Gi(j*), and Jand on the Roots of the Equation 
K«(/) = 0.” By W. Steadman Alois. Communicated by 
Profossor J. J. Thomson, F.R.S. 

XVIII. “Researches in Alwolute Mercurial Thermometry.” By (the 
late) S. A. Sworn. Communicated by Professor H. B. 
Dixon, F.RS 

The Society adjourned over the Long Vacation to Thursday, 
November 16, 1899._ 
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*} A Preliminary Noto on the Morphology and Distribution Of the 
Organism found in the Tsetse Ply Disease.” By H. G. 
Plimmkji and J. Bosk Bradford, F.K.S., Professor Super¬ 
intendent of the Brown Institution Received June 12,— 
Bead June 15, J899. 

(From the Lnborntory of the "Brown Institution ) 

These observations are the result of an inquiry entrusted to us by 
the Tsetse Fly Committee of the Royal Society, at a meeting of the 
Committee on Maxell 16, 1899. 

The material for oui investigations was obtained m the first place 
from a dog and a rat, inoculated with the blood of a dog suffering 
from the disease, by Mr. H. E. Durham, at Cambridge 

The organism found in the Tsetse Fly disease w<w discovered by 
Major Bruce, lv.A M.C., OS, and was classed by him as a Trypano¬ 
soma. These belong to the order Flagcllata, and, according to 
Butschli, to the sub-group Monadina 

We will, in the first place, describe the adult form of the organism, 
such as is met with most frequently in the blood of a susceptible animal 
affected with the disease. 


A. l)f srrqdton of the Adult Fonn of the Tnjpunosomo. 

In freshly drawn Mood examined as a hanging drop, or as a veiy 
thin layer in a cell, tlio adult form of the Trypanosoma can he easily 
studied. The latter method is the better, as the organism can be 
better seen and more accurately oxammcd, m the thm, uniform layer 
of fluid than in the rounded drop. The e<isiest method of examining 
the blood in this way is to make, with a i ed-hot platinum loop and a 
small piece of paraffin, a thin ring of paraffin on an ordinary glass 
slide; the drop of blood is placed m the centre of the ung and a 
cover-glass placed on it, the thin layer of paraffin preventing pressure 
If it be desired to keep the blood for continuous examination, it should 
bo drawn into a graduated Pasteur pipette, and one-tenth part of a 
5 per cent, solution of sodium citrate should t>e drawn up after it, 
then the blood and citrate solution should be carefully mixed in the 
bulb; the tube should then be sealed up, and drops can be taken from 
it as desired. 

Under ordinary conditions of illumination the Trypanosoma, as seen 
in the blood, appears to consist of a uniform, homogeneous mass of 
protoplasm, oi worm-liko form, with at one end a thick, stiff extremity, 
and at the other a long, wavy flagellum. It is generally in active 
motion, and this is seen to be caused by the rapid lashing movement 
of the flagellum, and by the rapid contractions and relaxations of the 
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mass of protoplasm forming, the body, and by the movements of an 
undulating membrane which is attached to one surface of the body, 
and which appears to undulate synchronously with the contractions of 
the protoplasmic body. This membrane is, excepting at the free edge, 
very transpaient, and can be seen much better m titrated blood which 
has been thickened by the addition of a small drop of 1 per cent, 
gelatine solution, when its contour and attachments can be much 
better made out, owing to the slower rate of \ibration effected by the 
thickened medium 

The general shape of tho Trypanosoma, when rendered quiescent by 
this means but not killed, is that? of a long oval, with one end blunt 
and the other continued into the flagellum , tho membrane is then seen 
to be attached to one side of tho body , it begins a little in front of 
the blunt end of tho organism, and is continued at the end into the 
flagellum. 

But with better illumination, such as a very oblique pencil of rays, 
or, better still, with monochromatic light (green or blue), tho proto* 
plasm is seen not to be homogeneous The organism appears then as 
a highly refractive body, and near the middle, or between it and the 
flagellate end, is seen a large dai k body much more refractive than the 
rest of tho protoplasm, this is the macromicleus Near the thick, 
stiff end of the body a tiny still more refiactive body (with mono* 
chromatic light nearly black) is seen, which is the mi cron nolens. Tho 
addition of a diop of 5 per cent, acotic acid makes both of these bodies 
much more distinct. At the stiff end of tho Trypanosoma, m varying 
relation to the micronuclcus, is seen a vacuole There is no suggestion 
of a mouth or of any organs, but the protoplasm with the most careful 
illumination appears not to bo uniform, w hich suggests an aheolar 
structure, as described by Butsehh With the ordinary simple stains 
(htematoKylm, fuoham, methylene-blue, thionm) the differentiation is 
not much better than can lie olisorved by careful illumination of living 
unstained organisms, as these stains aic with these, and similar 
organisms, too diffuse to be of any service. Acting on a method 
which Ehrlich originated in 1889, and which Komanowsky modified in 
1891, and which has still been further elaborated by Zicmaun in 1898, 
wo have used a mixture of methylene-blue and crythrosin, which has 
enabled us to follow tho different stages of the Trypanosoma with 
certainty. This method depends on the fact that when a basic and an 
acid stain are mixed together in certain proportions, a third neutral 
body is formed, which has a specific colour reaction with chromatin. 
By the uso of this mothod we have beon able to trace the various 
stages of the organism in tho blood and organs of the affected animals, 
which is not possible with the ordinary stains, these being useless for 
many of the forms to be presently described. With this method the 
macronucleus of the Trypanosoma is stained a clear, transparent, crim- 
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son lake, the micronuclcus a deep red, and the protoplasm a delicate 
blue; these reactions are constant throughout all the stages of its 
life-histoiy. 

The protoplasm of the adult Trypanosoma (loos not stain uniformly, 
as does that of somo of the other fornix, but thero are parts faintly 
stained and parts unstained which is again m favour of the alveolar 
stiucture mentioned aboie. The vacuolo is quite distinct as a clear 
round spice, when the organism is stained by this method. 

The mucronueleus is goneially of an o\al or elongated shape, and it 
may be oithci unform in coloiu, or in the form of fine threads, this 
latfcor is seen especially in those forms which show other signs of division 
The micronuclous is seen aa an intensely stained round dot, or as a short 
rod, this latter form again being seen in those foinih which show other 
signs of iipproarhing division With the highest powers (15 apochro- 
matic objective and 18 compensating eyepiece of Zeiss) wo have not been 
ablo to make out any spocial structural characters m this body. The 
flagellum is not stained by this method, but if the preparation has 
lioen well fixed, it is easily visible, the vibratilo membrane ako is 
unstained, and can be geneially better studied in specimens stained by 
simple stains, preferably thionin 

As regards the movements of the organism, in piepaiations where no 
pressuie is exercised, they can )>o seen moving oithci with the flagellum 
or with the blunt end in front, but we think that the commoner modo 
of progression is with the flagellum forward 

The size and length of the body varies very much with the period of 
the disease at which the blood is examined, and with the kind of animal. 
The largest forms wc have seen have boen in rat's blood, just after death, 
and the smallest in iabbits blood, eaily m the disease. 


B. Distributurn of the Trypanosoma . 

1. In the body of Nor mil Animals. 

(a) In the Blood .—We have found the flagellate form in the greatest 
numbers m the blood of the mouse, towards the end of the disease. 
In tlio rat also they occur in groat numbers, and in both theso animals 
they can lie found in the blood on the fourth or fifth day. In the dog 
large numbers can be seen in the blood from the sixth day. In the 
cat they are fewer in number in the same lapse of time than in any of 
the animals before mentioned. 

The rabbit seems to be the most refractory annual of any we have as 
yet used, and the Trypanosoma are found in the blood in small num¬ 
bers only, and at very uncertain intervals. 

(b) In the Lympiuitic Glands .—In the superficial glands nearest to the 
point of inoculation the flagellate organism can be found earliest. In 
the rat the Trypanosoma can be found in the nearest superficial gland 
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in twenty-four hours lifter modulation Me have not found that 
generalisation of the organism in tho lymphatic glands occurs until 
nearly the end of the disease, when the organism is present in very 
large numbers in the blood. In the rabbit, in which the organisms are 
few or rare in the blood, the glands do not show any marked change, 
and tho Trypanosoma are not loadily found in them. Many other 
forms are found in the glands, to winch reference will be made 
below. 

(r) In the Spleen .—Thu adult Trypanosoma is found in but small 
numbeis in tho spleens of tho various animals we have examined; but 
other forms are found there which will bo described later The en¬ 
largement of tho spleen is post modem the most obvious fact in the 
morbid anatomy of tho disease , it may attain even to foui or fn e times 
the average volume—this is especially the ease in tho rat. 

(d) In the Bone-mu now — We have found either very few flagellate 
organisms 01 none at nil, in the bone-mairow of tho viuious animals wo 
have worked with. Tho marrow is altered m colour and structure, 
but there does not seem to bo a greater number of Trypanosoma than 
can bo accounted foi by tho blood in the mariow 

In the other organs and paits the number ol organisms present 
depends upon the relative quantity of blood in tho part. 

2. In the Body of Spleenles* AmmaU —As the spleen in tho ordinary 
animals is the organ which is most obviously altered in this disease, 
wo have made a senes oi inoculations into animals (dog, cat, and 
rabbit) from which tho spleen had been removed a year ago. In tho 
dog, the adult forms of the Trypanosoma are not found so early in the 
blood of splccnlcss as in that of ordinary animals (seventh day ns com¬ 
pared with fouith day after inoculation). The glands, after death, 
are much more generally enlarged, and ato reddish in colour, and con¬ 
tain many more organisms than m tho normal animal Both tho blood 
and glands contain, however, numerous other forms to be described 
below. 

This marked difference m the colour of the glands of spleenless 
animals is prolwbly due to the removal of tho spleen, and tho glands 
consequently taking on some of tho splenic functions. 

The bone-marrow is much altored, and m it likewise are found a 
large number of Trypanosoma: both flagellate and what aro termed 
below “ amuaboid ” forms. 

In tho cat the conditions of experiment were altered, the blood (1 c.c.) 
from the infected animal being introduced, with every precaution to 
avoid contamination of the tiasuos, direct into the jugular vein. In 
this case the organism appeared in tho blood in numbers on the fourth 
day, and the animal died on the twelfth day. As the Trypanosoma 
were introduced into the blood stream direct, there was no marked 
glandular enlargement, but the glands w r ere all reddish in colour, the 
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change in colour being duo to the spleenectomy. A few adult organisms 
were found in the glands and in the bone-marrow. 

In the spleenless rabbit a few Trypanosoma have been found in the 
blood on two occasions, but the animal lived nearly two months, and 
notwithstanding the failure to detect adult flagellate forms in the 
blood on numerous occasions, the blood was always infective, and con¬ 
tained numerous forms termed “ amoeboid ” and “ plasmodial ” below. 

C. Infer hint i/, 

(a) Li (hitman/ .hmnah .—The blood and organs of an animal dead 
of the disease lose, before twenty-four hours after death, their infective 
power. This is apparently due to the rapidity with which decomposi¬ 
tion sets in after death, as wc have found living Trypanosoma in film 
preparations, made as described above, as long as five to six clays after 
removal of the blood from the body, and wo have also found that 
largo quantities (200 c c.) of blood removed from the body into a 
sterile vessel and kept in an atmosphere of oxygen, retain their virulence 
for at least three da)s, notwithstanding the fact that the flagellate form 
cannot be demonstrated. 

We have found that the blood ol the dog is infective at loast two 
days before any adult Trypanosoma tan bo seen in the blood, and we 
have also found that the blood of the splcenlcss rabbit, in wdiich we 
have only on two occasions seen any adult forms, is invariably infec¬ 
tive. This of coiu-sc suggests the idea that the organisms must be 
present in another form, and we have been able, by the use of the 
method of staining deseiibed above, to demonstiate the presence of 
other forms in the blood and organs, and have shown, by the experi¬ 
ments just mentioned, that the infeetmty of the blood, in cases where 
there are no flagellate foims discoverable, depends in all probability 
upon the piesenco of one of the other forms which the Trypanosoma 
assumes. 

Although a differential staining method, such as the one wo have 
used, ft necessary for following and demonstrating the various stagos 
of the life-history of the Trypanosoma, still these stages can be seen in 
unstained living specimens, with very caieful illumination. As a 
matter of fact, our first observation of them was in unstained prepara¬ 
tions. 

In the blood of the dog, cat, rabbit, rat, and mouse, besides the adult 
forms as described above, which, as mentioned, are very various in 
size, there are adult forms undergoing division, both longitudinal, 
and transverse, to which reference will bo made later. Also two 
organisms are sometimes seen with their micronuclei m close apposi¬ 
tion, or fused together, with more or less of their bodies also 
merged together. Such forms we beliove arc conjugations. Again, there 
are other large forms, with or without a flagellum, in which the chro- 
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matin of the macronueleus is broken up into a number of tiny granules, 
not bigger often than the micronucleus. Besides these there are other 
forms, which we call for convenience horo “ amailxnd” forms, by which 
term we mean single, small, irregularly shaped forms, with or without a 
flagellum, but always with a macro- and micro-nucleus These nuclear 
structures are generally surrounded by a \ery delicate envelope of 
protoplasm, of gieater or lesser extent, but occasionally forms are seen 
which scorn to consist only of chromatin, with or without a flagellum. 
Besides these, again, there aic other foims which we call, also for con¬ 
venience, “ plasmodial ” forms, meaning thereby an aggregation or 
fusion of two or more amoeboid foims. In the blood these plasmodia 
are not generally very large, but may show evidence ot from two to 
eight separate elements Signs of division are veiy common ; but m 
tho blood one does not often meet with a plasmodium diwding up into 
more than foui oigamsms of the adnlt shape Tho plasmodia! form 
also retains intact the two nuclcui structures—the macro- and micro- 
nucleus—which we believe divide in the plasmodium, thus increasing 
its size. 

In the spleenless animals the blood may contain no forms but the 
amoeboid and plasmodia!, such as i.s tho case in the rabbit, yet this 
blood is iiifeetno; morcoicr, in the dog, lief ore the adult organism 
appears m it, the blood is infective, and therein, at this period, these 
plasmodial foims can bo demonstrated In tho glands these plasmodia! 
forms aie found, but only in quantity in those animals fiom which the 
spleen has been removed. 

The spleen is tho oigan which shows these forms in the greatest 
abundance Tho whole spleen is crammed m eveiy pait with plus- 
modia, which aie w T edgcd in between the splenic cells m every direc¬ 
tion ; many anudioid forms, and also immature flagellate foims are also 
seen, but the most sinking thing is tho enormous quantity and uniform 
distribution of the plasmodia. The great enlargement of tho spleen, 
which we have found constant in all tho animals wo have used, is 
caused by this mass of plasmodia, w hich wo have found in the spleen 
within forty-eight hours from the time of inoculation. 

In tho marrow these plasmodial forms aie only found, so far as our 
experience goes, in those animals from which tho spleen has been 
removed. In these cases thero are both plasmodial and amcoboid forms 
in the marrow, the latter the more abundant. 

The principal differences in tho distribution of tho plasmodial forms 
in animals with and without spleens is this. that in the animals with 
spleens tho organ of choice for tho plasmodia is the spleen, but they 
are also found constantly in the blood, and in less quantity in the 
glands, whereas iu animals from which tho spleen has boon removed 
the plasmodial forms are plentiful in the blood, the glands, and the 
bone-marrow. 
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D. Life-Histoi y of the Trypanosoma “ Brucii.” 

Besides the forms mentioned above, we have seen in the blood and 
in tho organs divisions of the adult form, l>oth longitudinal and trans¬ 
verse, tho former the more frequent; but wo think that this direct 
mode of reproduction is far less common than the indirect by means 
of conjugation (protiably), breaking up of chromatin, production of 
amoeboid forms, with subsequent division of these amoeboid forms, and 
the formation of plasmodia by the aggregation or fusion of the 
amoeboid forms, and these finally gmng oil' flagellate forms, at first 
small, and gradually increasing up to the normal adult form. 

So that we should tentatively summarise tho life-history of the 
Trypanosoma found in Tsetse Fly disease, which we think might properly 
bo called ttium" in recognition of the work done in 

connection with it by its discoverer Major Bruco, F R.S., as follows :— 

1. Reproduction by division, this being of two kinds:— 

(n) Longitudinal, tho commoner. 

(h) Transverse, loss frequent 

2. Conjugation, consisting essentially, so far as our observations go, 
of fusion of the nncroimdci of the conjugating organisms. 

(а) After this wo are inclined to place those forms mentioned ahovo, 
in which the ehromatm is broken up, and scattered more or less uni¬ 
formly through the whole body of tho Trypanosoma, since this occurs 
after conjugation in other organisms not far removed biologically from 
this one. The next stage in our opinion is tho amu*boid, wo think 
that the flagellate form becomes annoboid perhaps after conjugation, 
but also probably apart from this process. 

(б) Amteboid forms. These are found with and without flagella, of 
various shapes and sizes, but always possessing a macro- and micro- 
nucleus. Theso forms arc constantly seen in the process of division, 
and sometimes are Aory irregular in shape, with, in this case, an 
unequal number of macro- and micro-nuclei, the latter being the more 
abundant The amoeboid forms then fuse, or aggregate, together to 
form— 

(r) Tho plasmodial forma Whether those are true plasmodia, or 
whether they are only aggregations of amoeboid forms it is not yet 
possible to say, but as many related organisms form truo plasmodia 
we are inclined to look upon those masses, provisionally, as true plas 
modia. In the spleen these plasmodia reach a large size. From these 
again are given off— 

(/Z) Flagellate forms, which increase in size, and bocome tho ordinary 
adult form. Small flagellate forms are not infrequently seen in pro¬ 
cess of separation from the margin of these plasmodial masses. 

Besides these forms we have observed frequently, especially in rat’s 
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blood after death, the adult forms arranged in clumps. Thoy appear? 
upon watching them for a considerable time, to get tangled together 
to form a largo writhing mass ; then tho movements become gradually 
slower in the centre of the mass, and are only seen at tho periphery. 
At this stage, if the specimen be fixed, tho mass appears to be made up 
of a quantity of macro- and micro-nuclei, as tho protoplasm does not 
stain, except in the organisms at tho periphery, t.e , those which have 
arrived latest. Eventually these, too, become motionless, and tho mass 
becomes an indistinct collection of gianular matter, which is not 
infective, so that we look upon these tangles as a proof of death. 

Sinro these observations were made, thcro has been published an 
important papor on the Rat Trypanosoma, by Lydia Rabinowitsch and 
Walter Kempner in the ‘ Zeitschnft fur Hygiene,* vol. 30, Part 2. We 
have been able to confirm many of the observations and statements as 
to tho morphology and reproduction of tho Trypanosoma made by 
these writers. But there is no mention made of tho plasmodial stage, 
or of any reproductive stage elsewhere than in tho blood; and the 
writers recognize only three methods of repioduction, namely, longi¬ 
tudinal and transverse division, and division by segmentation. This 
segmentation, they consider, arises from one organism, and they state 
that it may divide up into as many as ten to sixteen elements. This 
segmentation form would seem to correspond to our plasmodial stage, 
but we have seen much larger masses than those mentioned above, and 
they do not notice the enormous masses of plasmodia which infil¬ 
trate the spleen in every direction, and which can bo found also in 
glands, and marrow. Moroovcr, their amoeboid stage (Kugelform) 
would precodc tho segmentation form, and therefore the “ Kugelform ” 
should be much Larger than the ordinary adult form, but we have 
observed that as a rule, our amoeboid forms are very much smaller 
than the adult forms, some not being visiblo with any but the highest 
magnifying powers ; so that we have boon unable to accept this form of 
division by segmentation, except in tho form m which wo have 
described it above, t.e. } our plasmodial stage. 
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“ The Colour Sensations in Terms of Luminosity/' By Captain 
W. db W. Abnkv, C.B., D.C.L., F.R S. Received February 23, 
—Read June 15, 1899. 

(Abstract.) 

This paper deals with a determination of the colour sensations 
based on the Young theory by means of measures of the luminosity 
of the throe different colour components in a mixed light which 
matches white. At the red end of the spectrum there is only one 
colour extending to near C, and there is no mixture of other colours 
which will match it, however selected. At the violet end of the spec¬ 
trum, from the extreme violet to near G, the samo homogeneity of 
light exists, but it is apparently due to the stimulation of two sensa¬ 
tions, a rod and a blue sensation, the latter never being felt unmixed 
with any other. Having ascertained this, it remained to find that 
place in tho spectrum where the blue sensation was to bo found 
nnmixed with any other sensation except white. By trial it was found 
that close to the blue lithium lino this was the case, and that a 
mixture of this colour and pure rod sensation gave the violet 
of the spectrum when tho latter was mixed with a certain quantity 
of white. The red and the blue sensation being located, it remained 
to find tho green sensation. The complementary colour to the 
red in tho spectrum gave a position in which the green and bluo 
sensations wero present m the light proportions to make white, and 
a point nearer the red gave a point in which the red and bluo sensa¬ 
tions were present in such proportions as found in white, but 
•there was an excess of green sensation. By preliminary trials this 
point was found. Tho position in the spectrum of the yellow 
colour complementary to the violet was uIbo found. Tho colour of 
bichromate of potash was matched by using a pure red and the 
last-named green. To make the match, white had to bo added to the 
bichromate colour. A certain small percentage of white was found 
to exist in the light transmitted through a bichromate solution with 
which the match was made, and this percentage and the added white 
being deducted from the green used, gave the luminosity of the pure 
green sensation existing in the spectrum colour which matched the 
bichromate. Knowing the percentage composition in luminosity of 
the two sensations at this point, the luminosity of the three sensations 
in white was determined by matching the bichromate colour with the 
yellow (complementary to the violet) and the pure rod colour sensa¬ 
tion. From this equation and from the sensation equation of tho bi¬ 
chromate colour already found, the composition of the yellow was 
determined. By matching white with a mixture of the yellow and the 
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violet, the sensation equation to white was determined. The other 
colours of the spectrum were then used in forming white, and from 
their luminosity equations their percentage composition in sensations 
were calculated. The percentage curves are shown. The results so 
obtained woro applied to various spectrum luminosity curves, and 
the sensation curves obtained. The areas of these curves wore found, 
and the ordinates of the green and violet curves increased, so that 
both their areas were resjiectively equal to that of the red. This gave 
threo new curves in which the sensations to form white wore shown by 
equal ordinates. 

A comparison of the points in the spectrum whero the curves cut 
one another, and of those found by the red and green blind as matching 
white, show that the two sots are identical, as they should be. 
The curves of Koenig, drawn on the same supposition, aro tailed attention 
to, and the difference between his and the new determination pointed 
out. 

The red below tho red lithium line, as already pointed out, excites 
but one (the red) sensation, whilst the green sensation is felt in greatest 
purity at A. 5140, and the blue at A 4580, as at these points they are 
mixed only with tho sensation of white, the white being of that 
whiteness wdnch is seen outside the colour fields. 


“The Conductivity of Heat Insulators.” By C. 0. Lamb, M.A., 
B.Sc., and W. CL Wilson, B.A. Communicated by Professoi 
Ewing, FILS. Received May 3,—Head .June 13, 1899. 

The comparative efficiency of materials used as insulators has been 
the subject of several investigations ; the majority of these have been 
conducted at fairly high temperatures, and it may bo questioned 
whether the results can be applied to the same materials when used as 
a lagging to protect bodies at low temperatures Moreover the 
methods adopted do not seem susceptible of any considerable accuracy. 
The method to be described was devised with the object of using 
lower temperatures and smaller ranges than hail been used m previous 
experiments, to attain a perfectly steady state of heat transference, 
and allow of greater accuracy and simplicity m the measurements. 

The substances selected for experiment so far have been thoso which 
could easily be tested in the dry state, without being made up into 
cements; they include air, sawdust, charcoal, pine shavings, paper, 
asbestos, sand, silicate cotton, hair felt, rice husks, and a heat insulator 
known as “ kapok.” 

The method employed consisted in placing the material under test in 
the space between two cylindrical copper pots, kept at a definite distance 
apart by pieces of vulcanised fibre, tho inner pot contained a small 

Y 2 
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motor with a fan attached to the axis ; a tin-plate cylinder, open at the 
top and with holes at the bottom, was put inside to direct the currents 
of air over the inner surface of the maide pot, in the direction of the 
arrows shown in Fig. 1. Energy was supplied eloctrically to a heating 


Fio. 1. 



coil within as well as to the motor: this constituted an internal supply 
of heat, which maintained the temperature within the pot at any 
docided upper limit. The motor and heating coil were connected iti 
series, and leads were carried through a small hole in the lid of the 
pots to measure the current and potential difference, and thus the 



The Conductivity of Heat Insulators . 285 

power expended on internal heating was measured. The outer pot 
was imrtieraed in a tank kept overflowing from the water main, the 
lid of the pot being made into a sort of saucer, into which the incoming 
water ran, thus the outer pot’s surface was kept at a uniform and 
constant temperature. The resulting temperature differences were 
measured by means of thermo-electric junctions of copper and iron, in 
a way shortly to be described. The current was allowed to pass steadily 
into the inner pot, driving the motor and fan, until tho inner thermo¬ 
electric junction arrived at a steady \ aluc, this usually occurred in 
about throe hours or so, when this was the cube, the supply of energy 
by the current was just equal to tho heat conducted through the insu¬ 
lator and earned off by the water, Knowing the temperature gradient 
and the number of watts supplied and the dimensions of the system, 
we can deduce tho specific conductivity of the material 

The general arrangement is shown m Fig 1 (P) is tho outer pot 

which stood in the tank, its approximate dimensions were 8 inches in 
diamotor and 16 inches high; (Q) is the inner pot, with one inch clearance 
between it and tho outer one; outside are shown the voltmeter (V), 
ammeter (A), and adjustable resistance (>); inside the pot (Q) are a 
fixed resistance (H), the motor (M), and fan (F). To a point about tho 
middlo of each pot, inside tho outer, and outside the inner, are soldered 
the copper-iron junctions B, C, which are brought outside to a throe¬ 
way plug and a galvanometer, a is a junction placed in a vessel of 
water at a known temperature ; <j is a galvanometer of tho Crompton- 
D 1 Arson val pattern. The junctions used were always made of exactly 
the same length to keep the total resistance constant, and on calibra¬ 
tion wore found to give a linear t elation between temperaturo difference 
and deflection on tho galvanometer within the ranges which were to 
be used, and during each experiment a check calibration at two known 
temperatures was made by means of a third junction in water at 
another known temperature. When a steady state was attained, the 
temperatures of B and C above A were measured by the deflections 
and calibration tests. Tho reason for the above indirect method of 
measuring the difference of temperature between B and C was to avoid 
possible leakage currents. The flow of heat per second from the inside 
pot to the outside one will be given by the expression H A cd, where c 
is the specific conductivity, 6 is tho tomperature difference, A is a constant 
depending on the size of the pots, being the area in square centimetres 
of two plane surfaces, distant one centimetre apart, that would permit 
the same flux of heat as the actual arrangement employed under the 
same conditions of heat transference and temperaturo gradient. The 
value of A was calculated from careful measurements of their dimen¬ 
sions, on the assumption that the flow of heat could be taken as radial 
for the sides, and from the top and bottom of the inner, to the bottom 
and top of the outer, pot; this leads to the expression 
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for this quantity, where l x and h are the lengths, n and r 3 the radii of 
the pots. This gives for A the value 1560 when the lengths are 
measured centimetres If W denote the rate of supply of energy in 
watts, the rate of transference of heat in gram-C°-units when the 
steady state is attained will bo H =■ 0*239 W. Hence, if r is the 
specific conductivity, and 0 the temperature gradient, 

II - 15CO r0; 

w 

therefore r - 0*000153 

0 


Two points had to l>e settled before tho determination could bo 
evaluated:—(1) Whether the temperature was uniform over both 
coppor pots; (2) whether any part of tho temperature gradient was 
duo to a sudden drop at the surface of separation. As regards the 
outer pot, since it is wholly surrounded by water, its temperature 
must be uniform, and the inside and outside can only differ by the 
drop through tho copper, which is eliminated by putting the junction 
insido that pot, to tost the question as regards the inner pot (and 
partly as regards the outer one) junctions wore placed at various 
points on the surfaces, as well as at certain other points, as shown iu 
Fig. 2. The result of this experiment is given below. 


Junction 

l 

2 

3 

4 

5 

a 

7 

8 

0 

Temperature 
relative to 8 

26 6 

25 -6 

_ _l 

26 4 

25 2 

13 '8 

0 6 

0*6 

0 

28 •! 


It will lie seen that tho temperature over the surfaces of the pots 
was practically uniform, and hence the determination of the gradient 
could be satisfactorily determined from readings taken with one junction 
on each pot, as at first descrilied. 

The second point was tested as follows:—A third pot was provided, 
having a clearance of 1 inch with regard to the former larger pot; 
under similar conditions as to character of insulator and power sup¬ 
plied the temperature gradients in the case of the two combinations of 
small and medium, and small and large, pots were measured; the ratio 
was found to bo 0*54. The value of A for the new arrangement of 
small and large pots was calculated, and found to be 840 in centimetre 
measure, being thus 0*538 of the standard combination. The close 
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agreement between these values shows that no appreciable drop occurs 
at the separating surfaces. 

These points being settled, the various substances named above wero 


Fig. 2. 



Material. 

Tempora- j Watts , Watt. 

differences j 8U PP hed - P" 1 * 0 - 

<*. 

Air (no baffles). 

Pipe sawdust. 

Fine shavings. 

Brown Paper (crumplod up).. 

Hair felt (broken up). 

Hair felt in two sheets, fc inch 

thick each. 

Dry asbestos .. .... 

Charcoal . 

Sand. 

Bice husks. 

iss 8£8:::::::::::::: 

Silicate ootton. 

19 2 

19 8 

19 -5 

20 2 

25 8 

27*2 

14-9 

27 8 

8*0 

14 0 

28 *2 
27*8 
24-7 

25 0 
317 
20*8 

22 *0 

24 5 

18 9 
29-0 

27’2 
30*0 

13 7 
21*8 

22 *3 

24 5 

1 30 
1*58 
1*06 

1 *09 
0*95 

0*69 

1*94 

0*98 

4*85 

0*98 

0*94 

0 80 
0*99 

0*000200 

0*000242 

0*000162 

0*000167 

0*000145 

0*000106 

0*000297 

0*000160 

0*000740 

0*000160 

0*000144 

0*000122 

0*000161 
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placed between the pots, and the watts and temperature gradients 
were determined in the manner described. At least two testa of each 
material were made, the mean temperature throughout being about 40° 
centigrade. The results are given in the table (p. 287). 

It will bo noticed that hair felt was tho liest insulator that was tested. 
The insulation in tho case of brown paper was practically that of air 
with subdivided Bpaces, as the paper occupied relatively a Bmall volume; 
a comparison of this with insulation by air only will show liow great 
an improvement in air-lagging such a simple expedient will give. 

In lepeatmg the experiments with wider ranges and a higher mean 
temperature, indications were observed tending to show that tho con¬ 
ductivity is a function of tho temperature. It is hoped to continue 
the investigation as regards this point, and to extend it to other insu 
lators. 


“ On the Orientation of Greek Temples, being tho llesults of some 
Obseivations taken m Greece and Sicily, in May, 1898/* By 
F V Penuo.se, M.A , FHS deceived May 5,—Bead June 
15, 1899. 

(Abstract.) 

The orientation of the Cabciiion Temple, near Thebes, of which the 
angle has been disputed (sec p. 46 in my paper of 1897), was re¬ 
measured with the theodolite in May, 1898, and the previous observa¬ 
tions confirmed. An additional example is added from an archaic 
Temple of Neptune in the Isle of Poros, introducing the employment 
of the bright zodiacal star Rcgulus, which I had not before met with. 

In Sicily tho re-examination of the temples at Girgenti, where, in 
my former visit, I hail relied for azimuth on tho sun's shadow and the 
time, has enabled me to give to the elements some amendments in 
detail, tho only point of consequence being, that tho orientation date 
of the temple named Juno Lacinia is brought within the period of 
the Hellenic colonisation of that city. 

The most interesting point in the paper seems to be, that in the 
case of two Athenian temples, namely the Theseum and the later 
Erechtheum—*>., the temple now partially standing—it is shown *that 
the days of those months on which the sunrise, heralded by the star, 
illuminated tho sanctuary, coincided exactly, on certain years of the 
Metonic cycle, with the days of the Athenian lunar months on which 
three important festivals known to be connected with at least one of 
those temples were* held. The years so determined agreo rpmarkably 
Well with the probable dates of the dedication of those temples; and 
in the cose of the finta mentioned, the festival, which was named The 
Thesea, seoms to leave little doubt that the traditional name of the 
temple, which has recently been much disputed, is the correct one. 
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“ On the Comparative Efficiency as Condensation Nuclei of posi¬ 
tively and negatively charged Tons.” By C. T. It. Wilson, 
M.A. Communicated by the Meteorological Council. Re¬ 
ceived May 11,—Bead June 15, 1899. 

(Abstract.) 

The experiments described in this piper wore undertaken with the 
object of throwing some light upon what appealed to he fundamental 
questions m connection with the electrical effects of precipitation. It 
was hoped in this way to make some advance towards an understand¬ 
ing of the relation between rain and atmospheric electricity. 

It was pointed out by Professor J J. Thomson* that if positive and 
nogativc ions differed in their power of condensing water around them, 
drops might be formed upon one set of ions only, and separation ot 
positive and negative electricity would then take place by the falling 
of the drops, tho work required for the production of the electric field 
being due to gravity. 

To make this process worthy of consideration as a possible source ot 
atmospheric electricity, it would be necessary to show reason for 
believing (1) that atmospheric air m the regions m which ram is 
formed is likely to contain free ions, (2) that positively and negatively 
charged ions differ m their efficiency as condensation nuclei 

It is mainly with the second of these questions that this paper deals. 
The result of this part of tho investigation was to prove that water 
condenses much more readily on negative than on positive ions. Tho 
experiments consisted in measurements of the expansion required to 
cause condensation m the form of drops in uir initially saturated and 
containing ions, alternately nearly alJ positive and nearly all negative. 
The ratio of the final to the initial volume being indicated by vrfi'u 
then, to cause water to condense on negatively charged ions, the super¬ 
saturation must reach tho limit corresponding to tho expansion v^hh — 
1*25 (approximately a fourfold suporsaturation). To make water con¬ 
dense on positively charged ions, tho supersaturation must reach the 
much higher limit, corresponding to the expansion t'lfv i = 1*31 (the 
supersaturation being then nearly sixfold). 

We see, then, that if ions ever act as condensation nuclei in the 
atmosphere, it must bo mainly or solely tho negativo ones which do so, 
and thus a preponderance of negative electricity will bo carried down 
by precipitation to the earth’s surface. 

Incidentally it was proved that the difference between the effects as 
condensation nuclei of the positively and negatively charged ions is 
not to be explained by supposing that the charge carried by the nega- 

* 4 Phil. Mag ,* December, 1898. 
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tive ions is, say, twice as great as that carried by the positive ions* for 
equal numbers of positive and negative ions are produced by the 
ionisation of tho neutral gas. 

Attempts wero now made to find an answer to the first question 
suggested above—Is there any evidenco that ions are likely to be 
present under normal conditions in the atmosphere 1 

Former experiments furnished a cortain amount of evidence in 
favour of an affirmative answer. 

When moist dust-froe air is allowed to expand suddenly a rain-like 
condensation always take place if tho maximum supersaturation exceeds 
a cortain limit. This limit is identical with that required to make 
water condense on ions ; the identity is in fact so exact as to furnish 
what is at first sight almost convincing evidonce that ordinary moist 
air is always to a very slight extent ionised. Tho number of these 
nuclei is too small to make tho absence of sensible electrical con¬ 
ductivity in air under ordinary conditions inconsistent with the view 
that they are ions. 

All attempts, however, to remove these nuclei, by applying a strong 
electric field such as would have romoved ordinary ions almost as fast 
as they were produced, have failed, even when a differential apparatus 
was used, such as would have made manifest even a slight diminution 
m the number of the nuclei by the action of the field. The same is 
true of the similar nuclei produced by tho action of weak ultra-violet 
light on moist air. 

Such nuclei, therefore, in spite of their identity as condensation 
nuclei with tho ions, cannot be regarded as free ions, unless wo suppose 
the ionisation to be developed by the process of producing the super- 
saturation. This question requires further investigation. 


“ Data for the Problem of Evolution in Man. II. A First Study 
of the Inheritance of Longevity and the Selective Death-rate 
in Man.” By Miss Mary Beeton and Karl Pearson, F.R.S., 
University College, London. Received May 29,—Read June 
15, 1899. 

1. According to Wallace and Weismann* the duration of life in any 
organism is determined by natural selection. An organism lives so long 
as it is advantageous, not to itself, but to its species, that it should live. 
But it would bo impossible for natural selection to determine the fit 
duration of life, as it would be impossible for it to fix any other 
character, unless that character were inherited. Accordingly the 
hypothesis above referred to supposes that duration of life is an 

• Seo WeUmann, 'On Heredity/ Essays I and II, and especially Professor 
Poult on's Dote as to WalUoe, p. 23, of first English edition. 
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inherited character. So far as we are aware, however, neither the 
above-mentioned naturalists nor any other investigators have published 
researches hearing on the problem of whether duration of life is or is 
not inherited. We are accustomed to hear of a particular man that 
“ ho comes of a long-hved family,” but the quantitative measure of the 
inheritance of life's duration does not yet seem to have been deter¬ 
mined. This absence of investigation appears the more remarkable 
as a knowledge of the magnitudo of inheritance in this respect would, 
we should conceive, be ot primary commercial importance in the con¬ 
sideration of life insurance and of annuities. The biological interest of 
the problem, as we have already noticed, is very great. 

2. It will be well m the first plfao to point out that the problem is 
by no means an easy or a straightforward one. The ages at doath of 
even close relatives must bo found from records of some kind, or else 
collected ab itnfw. Now if we take records like the Peerage, Baronetage, 
Landed Gentry, family histones, and private pedigrees, we find various 
serious omissions. In the first place the ages of the women are rarely 
given, pages of the Peerage or Landed Gentry may bo examined before 
a single record is found of the ages of two sisters at death, or even of a 
mother and a daughter. Further, the census and other returns show how 
liable we are to find women's ages given erroneously. Family histones 
and pedigrees suffer in the same way, the pedigrees are mostly taken 
through the male line, and the women's ages can only be found m rare 
cases. An exception must be made in the case of the Quaker family 
histories, such as those of the Backhouse, Whitney, and other families. 
Here the data are as full for the women as for the men, but naturally 
the history of a single, even much-branched family, does not provide 
anything like the material that the Feerago and Landed Gentry do in 
the case of men. For this reason our first study is confined to inherit¬ 
ance of longevity in the male lino We hope eventually to collect 
enough data for inheritance in the female line, but it will take a longer 
time to amass, and we fear will scarcely be as homogeneous. 

In the second place, the sources to which we havo referred omit 
more or less completely all record of the ages at death of infants and 
childron. The Quaker recoids give better results than the Peerage, 
but even here the great bulk of child deaths appears to remain un¬ 
recorded. Out of 1000 males bom in this country more than 300 die 
before they are 20 years of age. But when 1000 cases of ages of 
father and son wore taken out of the Landed Gentry, only 31 cases 
showed the death of a son before 20 years of age. Of 2000 brothers 
from the Peerage in 1000 pairs, only 21 individuals died before 20 
years of age. In the Quaker histories we found about 16 per cent, of 
deaths before 20 years of age. Clearly such early deaths are not 
represented in anything like their proper proportions. They will 
hayo to be found from other sources; possibly by direct inquiry, and 
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the issue of data cards. Wo wore thus compelled to limit this* first 
study to the case when both relatives die at a greater age than 20. 
In the case of fathers, when wo /ire dealing with the correlation 
between father’s and son’s ages at death, this is practically no limita¬ 
tion at all, as no father dying under 20 years of age was met with. 
In the case of the offspring, however, the limitation cuts off the dis¬ 
tribution somewhat abruptly with a finito ordinate at 20—25, five 
years being our unit of grouping. 

3. Now duration of life is a very different character to eye-colour, oi 
to some extent to the size of organs in adult life. Eye-colour is fairly 
well deteimined, it may change with old age slightly, but it cannot 
transform itself fiom light bluo to brown. Again, nounshment and use 
undoubtedly affect the size of organs, but they are likely to influence 
father and son, or, at any rate, brother and brother, in much the same 
way, for they arc members of the same family and the sanio class. On 
the other hand, death depends not only on inherited constitution but 
on innumerable chance elements of environment and circumstance 
The environment both of home and period is much more alike for two 
brothers than for a father and son; food, sanitation, habits of life, 
change considerably m a generation, and two brothers have more equal 
chances of life than a father and son. But even with two brothers, 
one may live on the family estates and the other rum his health in 
Atnca or India. Hence, while the non-difforontial death-rate will not 
materially alter the correlations between most characters m relatives, 
it must seriously affect the correlation between tho durations of life in 
father and son, and to a lebscr extent between brother and brother. 
A good stock may be better protected against death than a weak one, 
but no stock at all can resist certain attacks. Hence if we look upon 
death as a marksman, p per cent, of his shots are, wo may say, sure to 
be effective whatever they hit, this is tho non-difterential death-rate, 
the remaining 100-^ per cent, of his attacks will only be successful 
on the weaker stocks. Now tho cffoct of this conception of death’s 
action is that the correlation table for ages at death of any pair of 
relatives must be looked upon as a mixture of uncorrelated material— 
deaths due to the non-differential death-rate, and correlated material— 
deaths due to the differential or selective death-rate. At different 
periods of life also one of these death-rates may give more material to 
the table than at another. In the case of fathers and sons we Bhould 
expect the non-differential death-rate to bo more numerous in its con¬ 
tributions than in the case of brother and brother. 

Now it has beeu shown by one of us that when correlated material 
is mixed with uncorrelated material, the result is approximately to 
reduce the coefficient of correlation in the ratio of the amount of corre¬ 
lated to the total amount of material.* Hence, if we assume that the 
# * Phil. Tran*., 1 rol. 102, p. 277. • 
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actual correlation lietween constitutional strengths to resist death 
would he given, at any rate approximately, by the valuos determined 
for other characters in a memoir on the Law of Ancestral Heredity,* 
we have clearly a method of to some extent ascertaining the proportion 
of the selective and non-soloctive death-rates in man. In the sequel 
it will l>e shown that from the age of 20 to the end of life our tables give 
a correlation between the duration of life of father and son of about 
0*12 to 0*14, and between brother and brothor of about 0*26. Accord¬ 
ing to the Law of Ancestral Heredity we should expect those quantities 
to bo about 0 3 and 0*4. Hence we conclude that the amounts of 
correlated material m the two cases are 40 to 50 per cent, and 65 pot* 
cent. But if p N bo the number of cases in which tho death-rate is 
soloctivo for N individuals, p 2 N will bo the number of cases for which 
it is selective when we take pairs of individuals. In other words tho 
selective death-rate in the first caset is about 63 to 70 per cent, and in 
tho second ubout 80 per cent, of the total death-rate. Without laying 
great stress on the actual numbers just stated, wo think that they are 
sufficiently close to demonstrate that a substantial selective doath- 
rato actually exists at woik on mankind, and that with like environ¬ 
ment it may amount to as much as four times tho non-sclective death- 
rate.J: In other words, having demonstrated that duration of life is 
really inherited, wo have thcieby demonstrated that natural selection 
is very sensibly oftectn o among mankind. The natural selection we 
are hero dealing with is not in the first place, of course, a result of any 
struggle of individual with individual, but of individual with environ¬ 
ment and with the defects of personal physique. 

4, In order to show the biological importance of investigating tho 
inheritance of duration of life, we have cited the results obtained for 
coirelation between tho ages at death of father and son and brother 
and brother. But the method by which these results wore obtained 
requires further discussion. Wo have already seen the need to exclude 
deaths under 20 years, but even thon we havo not got in the case 
of father and soil two like groups of material. The father has been 
moro severely selected than the son. Ho has lived to become a father, 
and ho is strong enough to be tho father of a son who lives to be 

* 1 Roy. Soc Froc ,* vol 62, pp. 307 and 400. 

t This selective death-rate from the data for father and son must be interpreted 
in the sense inducted aboio. The drop from 80 to 65, say, per cent, is in itself a 
measure of the change of environment ot tho two generations. 

J The correlation on winch this determination is based might bo illusory, if 
families were reared under very mcUvidual environments} tho correlation m 
duration of life of brothers, for example, might then be a result of their individual 
family environment. But the onvironmont when we tako comparatively homo- 
geneous classes like the Peerage or Lauded Gentry must bo very similar, and we 
think this source of error, suggested to us by Professor Weldon, while very real 
has boon sufficiently provided against 
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20 years of age. Evidonco of this selection is to he found iji the 
facts that (1) fathers have a mean age 5 to 7 years greater than 
that of their sons; (2) the variability of their age at death is very 
sensibly less than the variability of their sons* age, i.r., as 2*9 to 3 5, 
or (3) by noticing for example that m our first table 82 sons as 
against 20 fathers die before 32*5 years of age, and that in our second 
table some 100 sons as against 20 fathers die Ixsfore 35 years of age. 
Clearly the group “ son ” is a much weaker type than the group 
41 father.” As will be shown in a memoir on the effect of selection on 
correlation, this want of likeness in fathers anti sons itself tends to 
modify the correlation l>etwcen them.* 

While this selection occurs only in the case of fathers and sons and 
not in the case of brethren, still the general character of the correla¬ 
tion surface is alike in both. It i» known that the curve of frequency 
of death at different agesf is by no means normal. It is probably 
compound, and only approximates to normality round threo score 
years and ten. It would hardly, however, fulfil a useful purpose to 
deal only with the correlation of ages of death of rolatives both dying 
under the old ago mortality group, even if on the sunny side of 70 we 
could distinguish old age from middle age mortality. But in dealing 
with correlation and regression in such cases as this, we must throw 
entirely on one side any notion of normal surface and curves of erior, 
and go simply to the kernel of the affair. 

What we want is the law connecting the moan age at death of one 
relative when another relative has died at a given age. When the 
given age of the latter and the mean age of the former are plotted to 
foim a curve, this curve is the i egression curve whatever bo the form 
of the frequency surface. The lino of closest fit to this curve is the 
regression line, and Yule’s theorem j tells us that the slope of this line 
is found in exactly the same way as if the frequency surface were a 
normal distribution. The slope of this lino has nothing whatever to 
do with the particular form of surface, and may be found even if wo 
cut off a portion of the surface parallel to one axis, c'.y., if we take the 
regression lino for fatbors or sons we get the best fitting lines in pre¬ 
cisely the same mannor whether we take all sons dying from infancy 
to old age, or only those from 20 years onwards. If, of course, the 
regression curve is sensibly linear, then the regression lino is the true 
curve of regression. Everything proved in the memoir, 14 On the Law 
of Ancestral Heredity ”§ holds for such linear regression equally 
well; wo need not suppose normal correlation. Now the reader has 

* Nob of course very largely, stall with the value? given m the first senes of 
fathers and sons, the correlation \* ould be reduced about 0 86 to O'0 of its value by 
the selection of fathers 

+ ' Phil TransA, vol. 180, p. 406 and plate 10, 

J * Koy. Soc. Proo.,' vol. 60, p. 480, 

§ 1 Boy. Sou. Proc vol. 62, p. 336. 
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only to look at our regression diagrams, in particular at that for 
brethren, to assure himself that no curve will serve for practical pur¬ 
poses substantially better than a straight line. Now, if tr x ho the 
standard deviation of the relative whose mean age at death is taken^ 
and of the relative of a given ago at death, and r be the correlation 
defined by 

where z is the frequency of deviations x ~ m x and y - w v from the 
means m x and m y in the total observations N, thon the line of closest 
fit, the regression line, passes through m x and m v , and has t<r x /<r y for 
its slope. All this is independent of any theory of frequency distribu¬ 
tion, and the vanishing of r with the correlation simply flows from the 
fundamental problem that the chance of a combined ovent is the 
product of two independent proliabilitics. Our conclusions in this paper 
are deduced from the above value of i and from the slope of the regres¬ 
sion line, and they involve no further assumption than the approximate 
linearity of the regression curves. Our appeal to the memoir, “ On 
the Law of Ancestral Heredity ” makes also no greater demands. 

5. We now turn to the material itself. Our data consist of three 
series, from which all deaths recorded as accidents, an exceedingly small 
proportion of the whole, were excluded. In excluding these we of 
course slightly, but very slightly, reduced the non-selectivo death-rate. 
In the first series, 1000 cases of the ages of fathers and sons at death, 
the latter being over 22*5 years of age, were taken from ‘Foster’s 
Peerage*; in the second series a 1000 pairs of fathers and sons, the 
latter dying beyond the age of 20, were taken from 4 Burkes Lauded 
Gentry 1 ; and in the third sonos the ages at death of 1000 pairs of 
brothers dying beyond the ago. of 20 were taken from the Peerage. 

The first senes was obtained by grouping all fathers dying between 
22*5 and 27 5, 27 5 and 32 5, «fcc. We started at 22 5 because this 
was the earliest recorded death of a father among those extracted from 
the Poerago, and to have sons dying in the same range they were also 
started at 22*5 years. In extracting the ages at doath, they were 
taken to the nearest whole year, and consequently in the subsequent 
grouping we were spared decimals. In the second and third series we 
originally took all deuths from birth onwards also to the nearest 
whole year, and then grouped in five-year periods ; thus fractions were 
introduced when a death fell on a five-year division. Subsequently we 
eliminated the few deaths occurring before 20 years of age. 

The aggregate material for the three senes is given m Tables I, II, 
and III; and the means of the arrays of fathers* ages at death for sons 
dying at a given age, i.e. 7 the regression polygons of fathers* on sons’ 
age at death in figs. 1 and 2 ; the regression polygon for brethren is 
given in fig. 3. 

In the case of brothers, we have rendered the original distribution, 
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which was nearly symmetrical, absolutely symmetrical, by entering 
into the table each pair of brothers twice, an individual first appearing 
as a first brother and then as a second brother. Thus the mean age at 
doath and variability of ago at death of both sets of brothers appears 
the same, and wo have a nominal 2000 instead of a 1000 entries. Of 
course in calculating the probable errors of tho constants, 1000 has 
been taken as the number of observations. We shall now consider 
these diagrams and tables a little at length. 


Fig. 1.—Diagram giving Mean Age of Fathers at Death for Sons djing at a given 
age. First Series, 1,000 eases. 
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6. Fiid Sei'tes. —The means of the arrays of fathers for a given age 
at death of the son, are shown by the broken line nbnfrjg m tig. 1. 
The point a for the group of sons dying between 17*5 ami 22*5 years 
was put in from a few observations not afterwards included in the 
table. Beyond the group 82*5 to 87 5 years, theie were not sufficient 
observations to form a reliable moan at all y// gives the mean ago of 
all the 1000 fathers observed, and represents 65*835 years, .»> gives 
the mean age of the 1000 sons, ami repiesents 58 775 ycais The 
former may be taken as the mean age .it death of .ill fathers, the 
latter was only the mean age at the death of sons who live more than 
22 5 years The regression curve is a somewhat broken polygon, but 
one or two points may bo deduced at once from it 

(a) It is entirely to the left of //// above / / and cntnely to the light 
of //// below u. Thus there is certainly correlation between the ages 
at death of father and son A son dying l»elow the moan age will 
have on the average a father flying below the mean age, and a son 
dying above the mean age will have on the avei age a father dving 
above the mean age Graphically we see that correlation must exist. 
The straight line which best fits the regression polygon is given on the 
diagram by hi. The Law of Ancestral Heredity would give ha with a 
slope of 0 3 Tt is clear that with a quite sensible rogiession there is 
a quite sensible divergence fiom the law of mhentame, m other word*, 
the death-rate is only in part selective 

Quito similar results are to be observed in tig i , there is again a 
very sensible correlation, but it is sensibly less than that req lined by 
the Law of Ancestral Heredity The lines are lettered the same 
Numerically, if .Ms, Mr he the mean ages at death ot sons and fathers, 
fr s , rri. their standard deviations, r si . then* correlation, R S f - <r s /SF, 
Kks = t sh <rphr s the regression coefficients of son on father and father 
on son, we have— 


Fn>t Sene* 


Nvcmd Series 

‘Peerage,* Fathers and hous, 25 \enrn 

4 banded Gentry,’ Fathers and sons, 

and on 


20 ) ears and on 

05 835 >onr» 

Mi 

05 0025 vc.us 

58 775 „ 

Ms 

fk)*9150 * „ # 

14 6382 „ 

n r 

14 4308 „ 

17 *0878 „ 

On 

17 0986 „ 

0 1140 ±0 *0210 

rn 

0 1418±0 *0200 

0 0085 ±0 0182 

Rks 

0 *1196*0 0178 

0*1341 ±0 0367 


0*1082±0*0371 


Now these results extracted from very different records are in good 
accordance. The values of the correlation and regressions are 5 to 7 
VOL. LXV. 2 
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times tho magnitudes of their probable errors, and they agree within the 
probable error of their differences. The only significant difference 
is the mean age of doaths of sons in the Landed Gentry, which is some 
two yoars highoi than in the Peerage. This is the more noteworthy 
in that we have begun our peerage record at 25 and not 20. Clearly 
the sons of the Landed Gentry are longer lived We have undoubtedly 
correlation, say somewhere about 0 12, sensible and definite in 
amount, but clearly considerably below the 0 3 rcqmrod by the law of 
inhcritante 

(/>) A second point may be noticed b) looking at the diagiams (1) 
and (2), namely, that from about the age of 32 5 to 52 5 the regics- 
«on line sensibly vertical, or when tho son dies in middle life, the 
moan age of death of the fathei is sensibly limoirelated with it In 
other uonls, wo have tho lomaikable result that tho mortality which 
in a papot on skew variation by one of us,* h t us I Mien teimed that of 
middle life is largely umnhented. It is duimg this period of life that 
the non-selective (loath-rate is chiefly piedonunaut. After this period 
the regression curve Incomes sensibly steeper, although not fully up 
to the steepness of tho line given by Gal ton’s Law. This is more 
projxirly tho inheritance of lonf/mt// The inheritance of duration of 
life may not be continuous 

If we seek tho liest fitting sti night lino toi the regression polygon 
fi oni 50 years onward wo find — 


First None* 


Second S< rica 


' Peerage,’ 52 *5 years of son tuul on 


‘‘Landed Gentry,* 50 year* of non 
and on 



66 680 U'ai** 

; Mi ; 

66 878 \car* 


60 686 * „ 

Ms i 

68-960 

1 

14 6734 „ 

(T t 

14 3273 „ 


9 6148 „ 

o* | 

10 4065 „ 

1 

0 1156 ±0 0282 

t FA 

0 1125*0 0243 

i 

0‘ 1704±0 0380 

His 1 

0 1540*0 0333 


Results such as these are as close as we could expect, and they mark 
an increase m tho steepness of the regression line fiom about 0*11 to 
O'17, an undoubtedly substantial increase of tho selective death-rate as 
we approach old age. The regression line for this old age mortality 
is markod as jL in diagrams (1) and (2), and we see the advance 
towards the Galtonian value 

(r) Below 32 5 years the regression line in figs. 1 and 2, especially 
tho former, neeins to indicate increased correlation again, but nnfortu- 

• * Pliil. Tran* A, vol 186, p 408, and Plate XVI 
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uutely our records do not give enough data to determine its form in a 
reliable manner 

Fig 1 seems to indicate a great approach to the Galtonmn value 
towards youth, and we should not t>o surprised to find the selective 
death-rate in youth and infanc y oven rnoie predominant than m old age 
This would !h) the inheritance of the reverse of longevity, of “ hiarliy- 
biotv ” The regression curve for this portion of life cannot ho deter¬ 
mined from our present statistics, but wo hope to return to it m a second 
study when moie data have been collected * So far as we aie able to 
judge at pichent the inheiitance of the duration of life breaks up into 
two parts, an inheritance tolling its tale in youth and another aftei 
middle life It is the toimoi part, whnh seems to us to have most 
Inviting on the fertility and survival of stocks, most individuals having 
repio<lucod themselves by 50 years of age It is the latter part only, 
the true inheritance of longevity, to which it would appear that 
Weismami and Wallace's arguments apply f 

“For it is evident than when one or more individuals have pm- 
vided a sufficient number of successors, they themselves, aR consumers 
of nourishment in a constantly increasing degree, are an mjuiy to 
those successors. Natural selection therefore weeds them out, and in 
many eases favouia such races .is die almost immediately after they 
have left successors ” 

7 We now turn to the third series, giving the coirolation between 
the ages of death of hi others The data give the following numerical 
results — 

M ( j ^ 60 971 years 
rr n ^ 16 8354 „ 

>B15 =■- 0*2602 ±0 0199 
Rbh - 0 2602 ±0 0210 

The results here are in good agreement with those foi sons in the 
Landed Gentry, ? r., in the second series. The moan age of one of 
a pair of brothers is slightly greatoi and the variability of one who has 
a brother slightly less than in the case of sons But this is exactly what 
we might expect, considering that “brotheis” are a selection from 
“sons,” and a brother is likely to have greater vitality than a son The 
group sons covers sons of fathers who did not live to have more than one 
son, and who therefore came of any early dying stock, whilo hi others 
denotes ut least two sons, and therefore on the average some years 
more life than is necessary for one son. 

The values of'the coefficients of correlation and regression are some 
13 times their probablo errors, and we have a substantial correlation, 

* This collection has already commenced, and we hope shortly to give more 
definite information on this point 

t Wallace, ioc (*»/., ttvpra 
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Fig 2 —Diagram giving Mean Ago of Fathers at Death tor Sons dying at a given Age. 
Second Series, 1000 cases 



approaching much closer than in the case of sons to the value 
demanded (0 4) by the Law of Ancestral Heredity. The diagram shows 
(l) how substantial is the correlation; (li) how much more nearly the 
regression lino kk given by observation approaches the theoretical line 
Im; and (iii) how very nearly the regression curve is truly linear. 
The reason of this closer approach to the theoretical value of heredity 
is owing to the diminution in the non-selective death-rate, the environ 
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iuent of brothors during thoir lives being hs h rule much moie alike 
than that of father and son It must be noted that the predominance 
of the non-selective death-mte in middle life, so marked in the lattei 
case, no longer appears m the cnRe of brothers This would suggest 
that the environments of fathei and son differ most in middle life and 
aie then much more unlike than those of brothers 

8 We conclude this hist study by putting on record formula* foi 
estimating the age at death of a man, using the theory of multiple 
correlation as developed in a memon* by one of tho present writers, 
and taking as basis the second and third series, which seem to us to 
present the host lesidts 

Let P l»e the proliahlc age m years at death of a man, F Iw the age 
at death of his father, X| ot his hist son, Xj of his second son, Bi of his 
first brothel, Bj of his second brother Then we have the following 
cases — 

Prediction of Age at Death All Deaths attei 20 Years 

(«) From age of father at death— 

P - 49 8201 +0 1682 F, 2 - 16*9259 

(6) From age of biothci at death— 

P - 45 1063+ 0*2602 B h 1 - 1G 2555 

(/*) From age of son at death— 

V - 58 6771 +0 1196 S„ 2 - 14 2850 

(//) From ages of father and brothel at death— 

P - 37 6647 +0*12685 F + 0 24502 B,, 2 - 16 4099 

(r) From ages ot iathei and son at death— • 

P - 48 7991+0*15706 F + 0 11168 S, 1 - 14 1573 

(7) Fiom ages of two hi others at death— 

P - 35 7930 + 0 206475 (B, + B >), - - 15 9052. 

( if ) From ages of two sons at death — 

P - 54*3928 + 0 09497 (S,+K>), 1 - 14*1987. 

(h) From ages of brother and son at death— 

P - 44*2601 +0*1046 S + 0 2514 B, - - 138508. 

Here - is the standard deviation of the array of men for each gioup 
Such formulast seem to us to give a quantitative accuracy to much 

# “ Contribution * to the Mathematical Theory of Evolution. III. Regression, 
Heredity, and Panmixia,” ‘Phil Trans.,* A, vol 187, pp. *53 —1*18 
t In obtaining the formula) for prediction from the age at death of five relative'*, 
certain assumptions have had to be mode Thus the correlation of ages of a man 
and his grandfather and of a man and his uncle at death, being at present unknown, 
were taken to bo half the correlation of father and son. Thw cannot be far wrong, 
but the actual value* ought to be found. Wo did not feel justified in assuming the 
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Flo. .1—Diagram giving the Mean Age of Man at Death for a Brother dying at a 
given Age. 1000 oases. 



*3 50 55 60 65 70 75 60 53 30 35 tOO 105 

Mean Age of first Brother. 


that is allowed rather indefinite weight at present in the actuarial and 
medical professions. Based on a wider mass of data and a larger senes 
of relationships we cannot hut believe they would be of much help to 


variability ot grandfathers, which must be loss than that of fathers, or their moan 
age at death, which mast be greater than that of fathers, in order to determine the 
probable age at death of a man from that, say, of his grandfather and father, which 
would be of much interest. Wo only wish to draw attention to what we believe to 
be a no* and important field of enquiry, and to indicate the nature of its problems. 




















































Ill —Correlation Table for the Inheritance of Longevity in Brethren 
Symmetrical Table, 1000 Cases as 2000 

Age of first brother at death 
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Collimator Magnets. Thermal Expansion. 


“ Collinuitm Magnets and the Determination of the Earth’s Hori¬ 
zontal Magnetic Voire.” By 0. OllREE, Scl)., LL.1)., F.R.S., 
Superintendent of the Kew Observatory. (Vuimiunicated by 
the Kew Observatory Committee of the Itoyal Society. 
Received May >1,—Read dune 15, 1890. 

(Abstract) 

During the last foity years, there have been examined at Kew 
Observatory upwards of 100 colhmatoi magnets used in olmerving the 
honzontal force and declination 

The “constants” of these magnets tenijicraturc and induction 
coefficients, and moment of inertia- -have been determined at the 
Observatory, and the tables based on these determinations have 
served to reduce magnetic observations at a huge uumbov of the 
lending magnetic observatories. 

The present paper deals with the data recoided in the Obsoivatory 
books for the constants specified above, and with other quantities— 
such as the “ permanent ” magnetic moment—which are doducible from 
the records It determines the mean values of the several quantities 
for the instruments of the leading English makers, and investigates 
whether relations do or do not exist between them. It then deduces 
from the records the proliable errors in the values of the several 
quantities, proceeding on the hypothesis that the methods of deter¬ 
mining them are conect It next examines, from a mathematical 
standpoint, the accuracy of the formula* employed in reducing hori¬ 
zontal force observations, and, from a physical standpoint, the possibility 
of differences between the quantities detci mined at the Observatory 
and the quantities actually concerned m honzontal force observations. 

The various souices of unceitainty are dealt with, and an attempt 
is made to ascertain to what extent they may affect the values found 
for the horizontal force 

The results of the paper are of too technical a character to admit 
of then being summarized briefly in an intelligible way. 

“Tim Thermal Expansion of hue Nickel and Cobalt” By A. E. 
Tun on. B Sc. (Van mu moated by Prof. Tii.dkn, D.Sc., K.RS. 
Received April IN,—Beat! May 5, 1899. 

Tho following are the numerical experimental data of the eighteen 
individual determinations of the coefficients of expansion of pure nickel 
anti cobalt, referred to in the alistract previously published (p. 161, 
supra). Full explanations of the signs employed in the tables will be 
found in tho memoir “On the Thermal Expansion of certain Sul¬ 
phates."* 

# 1 Phil Trim# * A, vol. 192, p 4*65. 
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Calculated Expansions. 



Diminution of thu k lie*** 

Kxpumnon of tripotl | 

Expansion of nickel 


ul uir-lnyer 

screw h 

block. 


f ,\2 

1 /V/-' 

For — /|. 

l 

For 

Iw, - L*,. 

U, -L i( 


fO 0020933 

1 0*0045039 

0*0040086 

! 

0*0095318 

O 0067019 

0 0140987 

. 

21064 

; 45809 

40240 

95572 

07304 

141441 


v 21103 

i 45213 

46433 

94602 1 

67596 

139815 


f 28691 

49248 

51185 

101953 

74776 

161201 

< 

23023 

, 49707 

52006 

103355 

76629 

153062 


[ 23328 

18980 

60927 

101993 

74255 

160979 


f 18210 

37803 

88958 

76927 

67168 

114790 

. 

17750 

37338 

38229 

70231 

65979 

113569 


L 17521 

36945 

37869 

75038 

55390 | 

112583 


Calculated Linear Coefficients of Expansion 


6 

* 

L, ! 

a 

h. 


ro -00012154 

0 000000072 7 

9*7985 i 

0 000 012 40 

0-0000000074 

•« 

121 74 

72 6 

9*7986 I 

12 42 

74 


121 91 

697 

9 7986 

12 44 

71 


129 45 

I 72 8 

10*2679 

12 61 

71 

1 

128 37 

79 9 

10 2679 

12 50 

78 

■ 

129 26 

72 6 

10-2678 

12 59 

! 71 


097 74 

69 9 

7 8327 ; 

12 48 

76 

* 

[ 097 56 

606 

7-8328 | 

12 46 

77 


L 097 43 

612 

7 8328 j 

12 44 

, 78 

Mean > allies .. . j 

0*000 012 48 

! 0 000 000 007 4 

l 


The moan coefficient of linear expansion, ti + W, of pure nickel, 
between 0" and / , is thus found to be 

0*000 012 48 + 0 000 000 007 4/, or 10 * (1248 + 0*74/) 

The true coefficient, a, ol linear expansion at or the mean coeffi¬ 
cient between any two temperatures whose moan is /, in a - a + 2bt 9 
that is 


0*000 012 48 + 0 000 000 014 W, oi 10" 8 (1248 + 1*48/). 

The order of agreement of the nine individual determinations 
must be regarded as highly satisfactory, and those for each series of 
three referring to the same direction particularly so. The slight 
differences m the value of a for the three directions, possibly due to 
slight internal strain, fully justify the author in having carried out 
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The Thermal Expansion of Pwre Nickel and Cobalt 
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determinations for all the threo directioriH; the mean, however, can be 
regarded with the fullest confidence as expressing the true coefficient 
at 0“. The agreement of the values for the constant h is really 
remarkable, considering the extreme smallness of the constant, and is 
to lie attributed to the perfection of the polished surfaces of the nickel 
block, the mean undoubtedly expresses the true semi-increment per 
degree of temperature. 


Calculated Expansions 


Dmmnilion of tliukmw». 

Kipannion of Iripotl 

tixpnnsion of cobalt 

of air-lHyrr 

sci ev> b 

; blo4 k 

f>*l 2 

/'.X'2 

For — /j. 

For /| — /( 

1 L/, - Iitj 
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fO 0025(100 | 

0*00501.18 
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Calculated I unear Coefficients of Expansion 
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0*0000000064 


The mean coefficient of Uneai expansion, ft +• ht, of pure cobalt, 
between p° and is thus found to be 

0-Q00 012 08 + 0*000 000 006 4/, or 10' H (1208 + 0’64f). 

The true coefficient a of linear expansion at t f or the mean coefficient 
between two temperatures whose mean is t, is a a + 2W, that is 

000C| 012 08 + 0 000 000 012 8/, or IQ-'(12Q$+ 1*28/). 
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The agreement of the individual values is not quite so good as in the 
case of nickel, owing to the impossibility of obtaining such absolute 
perfection of the surfaces of the cobalt block as was obtained in the 
case of the nickel block. In the uvse of the constant a the differences 
only amount to 3 per cent, and the whole amount of b is so minute that 
one is fortunate m finding the agreement so good. These diffei cnees, 
however, from the nature of then cause, are bound to be on both sides 
of the truth, and the mean of so huge a number as nine is sure to be 
very near the tine value 

It will now he interesting to compare those rosults with those of 
Fizeau The lattoi were published in very bi lof form m the 1 Comptes 
Reiulus,’ for i860* and also m 4 Poggendorff's Anualon/ foi the same 
year.t In neither of these publications are any further details given 
beyond the values of the coefficient of expansion foi 40° and the incre¬ 
ment per degree, &aj\6 (— 2/>), which occur m a tublo of sinulai 
quantities for various metals, together with the information that the 
specimens of nickel and colialt employed had !>een reduced by hydrogen 
and compressed, and that the range of temperature of the observations 
was from 10 to 80 The values in question are-- 

a to 1 Aa'A# 

Nickel . . 0 000 012 79 0*71 

Cobalt ... 0 000 012 36 0*80 

It will be observed that the values of the coefficient for 40 r now 
presented are higher than those of Fizeau , in the case of nickel the 
difference is 1307 - 1279 -= 0028, and m the case of colvilt 1259- 1236 
- 0023 The author's increments are likewise higher, 148 and 128 
against 71 and 80 respectively The fact that the author's increment 
for nickel is twice as great as Fizeau's might suggest the possibility of 
a mistake l>etween h and % 2b The author has certainly not made any 
such mistake, for the mode of calculation employed yiohls h directly, 
and the values afforded woro 74 and 64 respectively. The increment 
(Fizeau’s 6 being the authoi’a t) is equally certainly 2 b. More¬ 
over, the authoi's value of the increment foi aluminium, 2*12, calcu¬ 
lated in precisely the same manner, agrees fairly with the value given 
by Fizeau, 2*29, m the same table in which the values for nickel and 
cobalt are published. It may lie that Fizeau inadvertently gave the 
value of b instead of *2b in the particular cases of nickel and cobalt, but 
it is much more likely that the numbers are correctly given, and that hia 
results were not very concordant with those now given. For Fizeau could 
certainly not have possessed specimens of nickel and cobalt of the same 
degree of purity as those supplied to the author by Professor Tilden. The 
recent discovery of nickel carbonyl has afforded an incomparable means 

* Vol. 68, p 1125. 
f Yol 138, p. 30, 
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of separating the two metals, and also of isolating nickel from other 
metallic impurities. Further, the discrepancy between the* increment 
values of the author and of Fizoau for these metals is only tif the same 
order as that between the concordant \ allies of the author and of 
Benoit, 0*46, on the one hand, and of Fizeau, 0*76, on the other, for 
the 10 per cont. alloy of platimim-indinm, the value for which Fizeau 
gives in the same table referred to 

Taking, therefore, the values published by Fizeau foi the increments 
of nickel and cobalt as correctly representing the results of his experi¬ 
ments, his values of the coefficients at 0 J , the constants a, calculated by 
use of the increment, are as under 


Nickel 

Cobalt 


a = 0 000 012 51 
u - 0 000 012 04 


^ Percentage 


difference 3 8. 


At 100 J the coefficients would become 

Nickel * - 0 000 013 22 

Cobalt .. n = 0*000 012 84 


j* Peicentage difference 2‘9 


The values thus calculated lor the expansion at 0 1 from Fizeau’s 
data are almost identical with the author’s values But the consider¬ 
able difference between the values ami the order of the increments now 
given and those of Fizeau introduces a different older of progression 
with rise of temperature According to Fizeau the difference between 
the coefficients of the two metals is a diminishing one, the percentage 
difference having fallen from 3 8 at 0° to 2*9 at 100’, whereas the 
author’s determinations indicate that the difference* is an accelerating 
one, rising from 3 2 per cent at 0* to 4 3 at 100° 


“ On the Waters of the Suit Lake of Uinu.” By R T. Gunther, 
M A., and .1. J. Manley, Dauheny Curator, Magdalen College 
Communicated by Sir John Mitkhav* F.RS. Received .lime 
8,—Read .June 15, 1899, 

In June, 1897, a portion ot the Government Grant was allotted to 
one of the authors by the Committee of the Royal Society, for the 
investigation of the fauna and flora of the great salt lake of Urmi, m 
Persia, as well as of the relations of that fauna and flora to its environ¬ 
ment. The present research was undertaken with the view of placing 
on record some of the conditions prevailing in the lake at the present 
day. 

The extraordinary changes which the level of the waters of the lake 
has undergone, and is still undergoing, enhance the importance of 
periodical examinations of the nature of the waters. The advisability 
of the preservation of such records was urged upon the Royal Society 



313 


On the Waters of the Salt Lake of UrmL 

by its Secretary, 184 years ago. Edmund Halley, in his “Short 
Account of the Causo of the Saltness of the Ocean, and of the several 
Lakes that omit no Rivers,” expressed himself as follows *—“ I recom¬ 
mend it therefore to the Society as opportunity shall offer, to procure 
the Experiments to he made of the present degree of Saltness of the 
Ocean, and of as many of these Lakes as can lie come at, that they may 
stand upon Record for the benefit of future Ages.”* At the present 
day there are additional reasons for recording the properties and com¬ 
position of such salt lakes as are know n to be inhabited by life, because 
Schmankowitscht and many otheis of the modem school of Entwickd- 
ung&mduinik (Morgan, Loob, Vernon, &c ) havo proved that every 
change in the salinity of the waters is accompanied by definite, rapid, 
and corresponding changes in the anatomical structure of certain of 
their halophilous fauna, and especially of the species of Aitemia , one 
of which occurs m Lake Urmi.J 

The superficial area covered by Lake Ur mi is about 1750 square 
miles, or about four times that of tho Dead Sea. For so largo an expanse 
of water its depth is inconsiderable, tho greatest soundings do not 
exceed 40 feet, and since much of the lake is extremely shallow, its 
average depth is probably under 20 feet. When viewed from the 
commanding heights of one of its islands, its waters show that brilliant 
deep blue colour which is so characteristic of salt lakes, but as seen 
from a boat, the light which is reflected from the light grey mud at the 
bottom is green. 

The temperature of so small a volume of water, which is at tho same 
time so extended as Lake Urmi, must necessarily vary considerably with 
tho seasonal changes of temperature. During the months of July and 
August the temperature of the surface waters varied from 27 8° C. to 
25*8° C., and the temperature of the bottom water at a depth of about 
25 feet was 25 u C. The specific gravity of the water, as measured on 
tho spot by an ordinary hydrometer, was 1*11, whether the water was 
drawn from near the bottom or from the surface of the lako, it may 
therefore be assumed that tho waters of the lake remote from tho 
mouths of the fresh water tributaries were of a fairly uniform density, 
a result which was prolmbly due to the thorough mixing of the waters 
produced by the strong south-easterly breezes prevalent at the time. 

The total quantity of water available for tho more detailed examina¬ 
tion was brought homo in two glass wine bottles, holding about £ litre 
a-piece. The samples A and B were collected on September 16, 1898, 
near the base of the Bezau Daghi, on the western shore of the lake, 
where there is comparatively deep and clear water close in shore. The 
bottles were carefully corked, and it is, I think, fair to assume that no 

* ‘ Phil. Tran*,,* vol. 29, p. 299, 1715. 

f * Zeitwhrift Wise. Zoologie/ rol. 25,1875. 

X Cfrttnther, 1 Nature/ toI. 68, p. 485. 
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great changes have occurred in the interval between the bottling of the 
samples in Persia and their examination in Magdalen College Labo¬ 
ratory, in Oxford, seeing that the discrepancies between the analyses 
are very small. 

The examination was both physical and chemical. 

Physical Examination. 

Determination of Specific Gravity. 

The specific gravities of the two samples of water (A and B) were 
determined by Mr. II. N. Dickson, according to the method of Sprengel, 
with the following mean results — 



A 

B. 

Specific gravity, at 15* C. 

1*11338 

1*11389 

„ 0*3° C. 

1*11891 

1*11945 

Difference.. 

. 0*00553 

0 00556 

Dcfmnination of Befractive Index . 



The refractive indices (ji) were determined by means of a hollow 
quartz prism of 60° 6' refracting angle, and a largo spectrometer* 
reading to 2" of arc. The water was at a temperature of 12'T C. 
during the readings. 

A B. 

Angle of minimum deviation of D line 25* 50' 4" 25° 50' 35", 

whence ft = 1*36110 1*36122 

It is believed that similar optical measurements will be found to be 
applicable to ordinary sea waters and will be found to give a more 
accurate and a more readily obtained indication of the physical nature 
of the water than the ordinary specific gravity methods. 

Determination of Boiling Point 

It has long been customary to record tho boiling points of strongly 
saline natural waters, but in only too many cases, owing to the lack of 
description of the conditions of the experiment, the records have only 
a small value. Many trials have convinced us that the boiling points 
of brines properly determined under similar conditions yield as reliable, 
although loss minute, information concerning the degree of salinity 
as specific gravity determinations. 

The) salt water was boiled in a platinum bottle, to which an inverted 
condenser containing ice-cold water was attached, in order to prevent 

* The speotromoter, which was constructed for Dr. Bedson, and the prism em¬ 
ployed are the property of the Royal Society. 
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loos of water vapour and consequent concentration. The temperature 
was measured by a form of platinum resistance thermometer, which 
reads to 0*01* C. Throe readings wore always taken. Firstly, the 
temperature of the steam from ordinary boiling water in a steam jacket 
and under atmospheric pressure, secondly, the temperature of the 
boiling salt water; and finally, the temperature of steam once more. 
If the first and last readings were identical, it was considered that the 
conditions of the experiment had remained constant. As a matter of 
practice it was found that when once the boiling point of the salt 
water had been reached, the water continued to boil at that tempera¬ 
ture for any length of time, so long as the pressure remained constant. 

A. B. 

Boiling point under normal pressure . . 103 84° C. 103*88° C. 


It will thus be seen that the three results of the physical examina¬ 
tion of the two samples A and B are all mutually confirmatory, in so 
far that they indicate that sample B had become a little more concen¬ 
trated than A during its journey from Persia to Oxford. 

Chemical Examination. 

The method adopted was that of Dittmar, as described in the 
Report on^the Composition of Ocean Water.* 

For the estimation of the lime anti magnesia, 20 c.c. of the water, 
weighing approximately 22*2 grams, were measured off, and the quan¬ 
tities used in the determination of the potash and total salts were half 
that amount. 

Exainination of the Correctness of Dittmar's Factor 0*91 for “ Crude ” 

Lime, 

Forty c.c. of the water were moasured off and weighed. In accord¬ 
ance with Dittmar’s recommendation, the calcium was precipitated as 
oxalate, filtered, washed, and finally weighed as oxide. Tho “ crude ” 
oxide obtained amounted to 0*0319 gram : this was then redissolved 
and again precipitated and weighed as “ pure ” oxide; the weight was 
found to be 0*0284 gram. If wo multiply the weight of crude lime, 
0*0319;*gram, by Dittmar’s factor 0*91, we obtain 0*0290 gram as the 
weight of “ pure ” lime. This amount only differs from that actually 
found (by + 0*0006 gram, thus affording confirmatory evidence of the 
correctness of the factor. 

The quantities of pure lime given below were determined by repre¬ 
cipitation* and repurifieation. The magnesia was precipitated by 
• ' Challenger Reports,* “ Physios and Chemistry,” rol. 1 . 

2 A 2 
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sodium phosphate instead of by ammonium phosphate as Dittmar 
recommends, because when the latter reagent was used the magnesia was 
found to come down very slowly and to adhere inconveniently to the 
sides of the vessel. 

The soda was determined by the method in which all the bases are 
converted into normal sulphates, and the weight of the mixed sul¬ 
phates is diminished by the subtraction of the weights of the potas¬ 
sium, calcium, and magnesium sulphates. The potash was determined 
by precipitation from the mixed sulphates by chloride of platinum, 
according to Dittmar’s third and final method,* and his observations 
upon the appreciable solubility of the finely divided platinum by the 
cold dilute hydrochloric acid employed for washing were confirmed. 

From the known amounts of lime, magnesia, and potash (see below) 
were deduced the following weights of normal sulphates iu # 100 grams 
of tho mixed sulphates :— 


Potassium sulphate 

A 

Gram* 

0 258 

B 

Grams 

0*259 

Calcium sulphate 

0*146 

0*171 

Magnesium sulphate 

1*870 

1*871 

Sodium sulphate (by difference) . 

15*317 

15-606 

Total sulphates 

17*821 

17*907 


The quantities of the principal saline components dissolved in 100 
grams of tho water of Lake Urmi aio— 



A 

B. 

Lime (CaO) 

0-0603 

0 0706 

Magnesia (MgO) 

0-62C5 

0*6266 

Potash (K 2 0). 

01394 

0-1402 

Soda (Na^O) 

C-788 

6*814 

Chlorine (Cl). 

8-496 

8*536 

Sulphates (S0 3 ) 

0-6205 

. 0 6312 

Oxygen equivalents of the chlor¬ 

16-7307 

16*8186 

ine to be doducted 

1-9167 

1*9258 

Total salts in 100 grams of water 

14-814 

14*893 


\ 


* 1 Challenger Beports,’ loc. ext., p. 16. 
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Or, recalculated for 100 parts by weight of total salts, we have — 


A. 

B. 

Chlorine (Cl). 

57 351 

57-315 

Sulphates (SO s ). . 

4*189 

4 238 

Lime (CaO) . 

0 407 

0 474 

Magnesia (MgO) 

4*229 

4 207 

Potash (K .O) 

0*941 

0-941 

Soda (Nu 2 0) . . 

15 822 

45-753 

Deduct [O] per [CL] 

12*939 

12-931 


100 000 

99-997 

The hypothetical pioximate composition of 100 paits of the total 

salts was (^ilculated, with the following results : — 



A 

It 


r - 



l 

11. 

Sodium chloride 

86332 86*203 

86*203 

Magnesium chloride. 

6 661 6*816 

6*816 

„ sulphate 

4*211 4*150 

3 915 

Calcium sulphate . 

0 988 1 151 

1*151 

Potassium sulphate 

1*741 1*741 

1*741 


99*933 100 061 

99 826 


Result B 1 was obtained by calculating the magnesium sulphate 
from the residual sulphate (S0 3 ). Result B ii from the residual mag¬ 
nesium. 

It is a remarkable fact that notwithstanding the occurrence of lime¬ 
stone rocks and pebble beaches ui the lake, no combined carbonic acid 
eould be detected m the water ; indeed, there would be no base for it 
to combine with. On the other hand, small quantities of free carbon 
dioxide were present dissolved in the water, and were estimated by 
Torntie’s method.* 

A. B. 

Free carbon dioxide in solution 0 028 per cent. 0*017 per cent. 

Result A was the mean of two determinations which agreed to 
within 0*002 per cent., and result B was obtained twice by the use of 
different standard solutions; the results wero identical. 

• Before applying Torn tie’s method for the estimation of carbon dioxide to the 
samples of water A and B, two determinations of combined carbon dioxide in a 
dilute and standard solution of sodium carbonate were carried out, in order to 
ascertain the degree of accuracy one might hope for. In the first, the carbon dioxide 
found only exoeeded that known to be present by 00008 gram, and u* the seoond 
by 0*0001 gram. 
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No iodine or bromine could bo detected in the small quantity of 
water available for examination. 

Spectroscopic examination revealed the presence of a trace of 
barium. The quantity present would have been quite unweighable, 
and although estimated with the calcium could not have vitiated the 
results. 

The results given under the heading B are regardod as those which 
most nearly represent the true condition of the lake, and consequently 
no attempt has been made to strike an average between the two series 
of rosults. The A results are given in extenso in order to demonstrate 
the degree of reliability of the B results, a matter which will be of 
importance in the future, when, after an interval of some years, 
another investigation of the water of Lake Urrni is made. 


“On the Application of Fouriei’s Double Integrals to Optical 
Problems.” By Charles Godfrki , BA, Scholar of Trinity 
College, Isaac Newton Student m the University of Cam¬ 
bridge Communicated by Piofessor J J. Thomson, F.R.S. 
Received June 12,—Read June lb, 1899. 

(Abstract.) 

The propagation of plane plane-polarised light in the direction of z 
is governed by the equation where V is the velocity 

of light. 

The most simple solution of this equation is— 

<f> = RcosQt^±^l) + ^j . . .. (1). 

This may be interpreted as a train of waves of amplitude R, period 
27 r/u 9 and phaso travelling with velocity V. This train of waves is 
without beginning or end. Most of the results of physical optics have 
direct application to a disturbance of the above form. 

No radiation is found in nature which has the properties of the 
above function. The fact alone that all natural radiations have 
beginning and end would suffice to render (1) an inadequate repre¬ 
sentation. 

It is required to solve the problem how to represent any natural 
radiation faithfully without losing the conveniences connected with 
the form (1). The problem recalls the familiar process of harmonic 
analysis. This process is applicable only to periodic functions, 
whereas such a motion of the nther as constitutes white light is 
non-periodic. In this connection it has been pointed out by Gouy 
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that Fourier’s theorem of double integrals enables us to express a 
wide class of functions in terms of circular functions. In fact, sub¬ 
ject to certain limitations, 

fit) = f (C cos ut + S sin ut) du, 

Jo 

1 (*+• 1 r+oa 

where C *= - r f{v) cos uv dv , S « - f(v) sin uv dv. 

* J-» 77 J -«> 

It is proved in tho course of the present paper that this process is 
always legitimate when f(t) is such a function of time as can occur in 
a physical problem. 

The above theorem reduces /(/) to the limit of a sum of simple 
circular function of time, the element being du {C cos nt + S sin ut ). If 
wo write this da .R cos {at + \p\ a simple vibration of amplitude Rdw, 
period 2irfu and phase ^ is suggested. To connect this analysis with 
the physical analysis of light into a continuous spectrum is tempting. 
The present essay is an attempt to prove that, in certain very general 
cases, such a connection exists The proof depends upon the two 
principles ( 1 ) that we can have no cognizance of instants of time, but 
can observe only the contents of small intervals of time; (ii) that, 
in spectrum analysis, we do not deal with definite wave-lengths, but 
rather with small ranges of wave-length. 

The fruitfulness of this calculus is illustrated by soveral applications. 
The radiation of an incandescent gas is discussed. The trains of waves 
emitted by molecules are continually being terminated by collisions. 
It is held that, m dealing with the limiting widths of spectrum lines, 
this effect must be included in tho same investigation with tho Doppler 
effect first pointed out by Lippich and Lord Rayleigh, 

Other problems shown to be within the grasp of this method are: 
the connection between Rontgen rays as explained by Professor 
Thomson, and ordinary light; and the effect of radiative damping of 
the molecular vibrations in widening the lines of the spectrum. All 
these investigations are based upon a theorem for dealing with a radia¬ 
tion composed of a vast aggregate of similar pulses distributed at 
random. The theorem is due to Lord Rayleigh. 

It is usual to examine the theory of dispersion by considering the 
action of a simple periodic force upon a simple vibrator. Since no 
light is simply periodic, it is necessary to extend the examination. 
This is done below. We have also inquired whether fluorescence can 
be due to natural vibrations of the molecules aroused by the non¬ 
periodic quality of light. It is shown that so long as the equation of 
motion is linear, no such explanation is possible. 
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" On Diselectrification produced by Magnetism. Preliminary 
Note.” By C. E. S. Phillips. Communicated by Sir 
William Crookes, F.R.S. Received June 13,—Read June 15, 
1899. 

Tho writer has found, that, under certain conditions, an electrified 
body rapidly loses its charge when in tho neighbourhood of a magnetic 
field. Nor does it, so far, appear essential that there be any relative 
motion between the lines of magnetic force ami the charged body 
itself. 

Preliminary experiments have been made with apparatus consisting 
of a glass tube six inches long and one inch in diameter, at tho centre 
of which there was cemented upon both the inner and outer surfaces, 
a strip of tin-foil one inch wide. Suitable connections were then 
arranged for the purpose of charging either of these metallic layors 
by means of an electrical machine The pole-pieces of a powerful 
electro-magnet projected into each end of the glass tube, through an 
air-tight flange, and in such a manner as to ensure the production of 
a strong magnetic field at the central portion of tho tube. A Sprengel 
air-pump was used to rarefy the gas within the tube, and, in the first 
instance, tho inner coating of tin-foil was charged positively. 

This charge gave ri«e to the well known free positive and a bound 
negative chargo upon tho outer tin-foil coating, the presence of tho 
former being indicated by the divergence of tho leaves of an electro¬ 
scope connected to that coating. While the pressure of tho gas 
within the glass tube was varied over a range of from atmospheric 
pressure to that represented by 0*2 mm. of mercury, the chargo upon 
the inner coating being either positivo or negative showed no appreci¬ 
able indication of being affected by the turning on or off of the 
magnet. But at pressures lower than 0*2 mm., and when the inner 
coating was positive, the sudden collapsing of the electroscope leaves 
pointed to the removal of the charge through the action of starting 
or stopping the magnetic flux. Although the effect was more power¬ 
ful at tho moment of making or broaking tho magnet circuit, it per¬ 
sisted in a modified degree as long as the magnetic field existed* No 
such effect was observed when the inner coating was negatively 
charged, nor was there any action evon in the first case when the 
magnetic pole-pieces, projecting into tho tube, were magnetised so as to 
be either both north or both south. 

The leaves of the electroscope were then connected to one of the 
internal pole-pieces, and it was seen that if sufficient positive elec¬ 
tricity were supplied to the inner coating while the magnet was excited, 
it became rapidly withdrawn, and ultimately resided upon the pole- 
pieces themselves. 
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M On the Orbit of the Part of tho Leonid Stream which the Earth 
encountered on the Morning of 1898, November 15.” By * 
Aethuk A. Kambaut, M A., D.Sc, Radcliffe Observer. Com¬ 
municated by G. Johnstone Stoney, MA., D.Sc, F.ILS. 
Received June 14,—Read June 15, 1899. 

For an accurate prediction of the return of tho Great Leonid swarm 
of meteors, it is of tho highest importance to determine as accurately 
as possible tho orhit in which each part of the swarm is moving. 

As has been pointed out by Drs. Stonoy and Downing,* the denser 
part of tho stream, with which we are chiefly concerned, being now 
drawn out to such a length that it takes more than two years to pass 
any point of tho orbit, it results that the perturbing effect of the 
several planets will not bo the same on different parts of tho Btream. 

Hence it follows that tho orbit deduced from the observations made 
during the groat shower of 1866, however reliable they may have been, 
must not bo assumed to repi esent accurately tho track of tho meteors 
which we shall meet when wo pass through the node of the orbit next 
November, even when allowance is made for the perturbations which 
that part of the stream has suffered m the meanwhile. 

But although the determinations of the radiant point of tho shower 
made in 1866 are entitled to a high degroe of confidence, owing to the 
large number of meteors upon which they depend, yet tho discrepancies 
existing between the results of different observers, and the fact that 
the varying effect of the earth’s attraction upon the position of the 
radiant at different zenith-distances was goncially o\erlookod by the 
observers at the time, introduce an clement of uncertainty into the orbit. 

The extent of these discrepancies may be estimated from the “ List 
of Observed Places of tho Radiant Point in 1866,” as given by Professor 
A, S. Horschol m the 1 Monthly Notices of tho Royal Astronomical 
Society/ vol. 27, p. 19, and tho effect of this uncertainty on the 
resulting orbit may bo illustrated by comparing tho two sets of 
elements deduced by Adams and Schiaparelli, respectively, from English 
observations of the radiant point on that occasion. These are— 

A dams f Schiaparelli J 

Period (assumed) . . P = 33*25 years, 33*25 years. 

Mean distance a =* 10*340 10*340 

Eccentricity .. t = 0 9047 0*9046 

Inclination. t = 16° 46' 17° 44'*5 

Longitude of node.. .. v - 51° 28' 51° 28' 

Longitude of perihelion... ir = 58° 19' 56° 26' 

• 4 Boy. Soo. Proo.,’ No. 410. 

t 1 Monthly Notices/ rol. 27 j 1 The Scientific Papers of John Couch Adams, 
rol 1, p. 260, 

t ‘ Bntwurf einer Astronomisohen Theorie der Sternsehnuppeu,' von J. V, Sehla* 

pwdU,p.57. 
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The part of the stream through which the earth will pass this year 
lies between the position of those meteors which the earth encountered 
last year and that of the meteors of 1866. It is, therefore, of import¬ 
ance to investigate how far the orbit of the meteors observed in 
November, 1898, agroes with that deduced from the observations of 
1866. 

Unfortunately the observations obtained in 1898 are fewer than 
could bo desired. Unfavourable weather prevailed almost universally 
in England. On the Continent meteors were observed at a few stations, 
but they appear to have been outlying members of the stream, and the 
denser portion was not encountered until about 19 hrs G.M.T., on the 
morning of November 15 (civil time). For observations at tho time 
that the earth was passing through the densest part of the stream, we 
are wholly dependent upon the American observers. The time of maxi¬ 
mum display is, owing to the paucity of meteors, somewhat indefinite, 
and seems to have differed by sovoral hours at different stations. The 
most reliable accounts, however, agree in placing it between 19 hrs. 
30 min. and 22 hrs. G.M.T. on the morning of tho 15th, and from a 
discussion of all the separate determinations, I have been led to adopt 
20 hrs. 45 min. as the most probable time of maximum. This agrees 
exactly with Professor Young’s result, who writes, “ The maximum 
was about 3 hrs. 45 min. (Eastern Standard Time) when for about 
20 minutes the meteors averaged two or three a minute.”* 

In Tabic I are given—tho name of the observer, his observatory or 
station, its longitude and latitude, the Greenwich time, and the R.A. 
and doclination of the radiant point. 

In this connection I may remark that in order to contribute to an 
accurate determination of the orbit, the G.M.T. corresponding to the 
observation, and the approximate position of tho observer are just as 
essential as tho co-ordinates of the radiant itself. In several of the 
accounts before us I have had to assume that the position of the 
radiant corresponds to the time given as that of maximum display, or 
to tho middle of the time over which the watch extended. 

The longitudes and latitudes of the observers’ positions may also 
in some cases be in error to the extent of several minutes, but they are 
sufficiently exact to enable me to compute tho H zenith-attraction.” 

In Table I, I have included only those observations which seem to 


elate to meteors belonging to the dense, or central, part of the stream. 
Jjlhey are all contained in the interval between 18 hrs. 58 min. and 
,5 hrs. 2 min. G.M.T. 

. . jjach of these separate results has to be corrected for the influence 
. ./''he earth’s attraction on the paths of the meteors during their 
.. . ^ oach, and for the influence of the earth’s motion on the apparent 
rt becaii. of the radiant, 
pieces tl 

* ‘ The Obeerrstory,’ December, 1898, p. 489. 
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Xli© radiant© IToa. 2 and 12 were determined bj the aid of photography. 
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The former varies with the zenith-distance of the radiant and its 
elongation from the 41 apex,” or the point of the heavens towards which 
the earth is moving at tho time. It has always the offect of displacing 
tho radiant towards the observer’s zenith, and hence has beon called 
by Schiaparelli the 44 zenith-attraction.” The amount of this displace¬ 
ment (tj) is given by the expression, 


♦ 


tan \y — 


iv - u 

-tan 

w + it 


i-. 


in which : is the apparent zenith-distance of tho radiant, u is the velo¬ 
city of tho meteors relatively to the earth before tho influence of the 
oaith's attraction has bocomo sensible, while w is tho accelerated 
velocity with which the meteor encounters the earth. 

This displacement, which has been too frequently overlooked by 
meteor observers, may, as pointed out by Schiaparelli, amount in 
extreme cases to as much as 25° 38'. In the case of the Leonids, how¬ 
ever, it happens that the elongation of the radiant from the “ apex ” is 
so small (in the case before us not exceeding 11° at any time) that the 
effect of the zenith-attraction never amounts to half a degree, its 
greatest value being 29'. 

For computing the value of w wo have tho expression 
w 3 - u 2 + 2(ji , 

r being the earth's radius, and <j the acceleration of gravity at the 
surface, or, expressing tho velocities, as is convenient, in terms of the 
mean velocity of the earth m its orbit, 

w 2 - +0-141587. 


In computing the value of 2 gr in the above expression the Sun’s 
parallax has been taken to bo 8"*80, and the ratio of the earth's mass to 
that of the Sun equal to 1/331,100. 

We thus have for computing w 

w » tt + [8-84999] x * - [7 39895] x ^, 

the figures in brackets being the logarithms of the coefficients. 

For determining u we may with quite sufficient precision adopt 
Adams's orbit of 1866. Also if U denotes the velocity of the earth at 
any time expressed in terms of its mean velocity, and E its distance 
from the Sun, then, 


u - Vir 1 ’ 
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or, neglecting the second power of the eccentricity we may, without 
loss of accuracy, write U - 1/R. 

In Table II are given the values of the Sun’s longitude (0), tho 
longitude (/), the right ascension (a) and the declination (d) of the 
apex, and the orbital velocity of tho meteors (r), all of which can bo 

Table II. 


Time. 

O 

Lor R. 

/. 

a ! 

d 

r 

1898, Nov 

14 0 

‘232° O 7 ^ 

9*99514 

142°52* 8 

145° in' -7 | + ] 3° 53' 8 

1 -3877 


14 5 

232 40 0 

•99510 

143 22 *7 

145 42 7 , 

44 0 

•3878 


15-0 

233 10*3 

*90505 

143 52 7 

146 11 0 i 

1 

34-1 

3879 


computed from tho ‘Nautical Almanac’ or from Adams’s orbit of the 
meteor stream. These are given for thice epochs, viz..—November 
14‘Od., 14 5d, and 15 Od , from which their values at tho time of each 
observation may bo obtained by intoi polation All of these quantities 
are needed in the subsequent ieduction of tho observations, or for 
deducing tho elements of the mbit. 

We next compute the quantities u , #r, and exhibited m Table III, 


Table ILL 


No 

K 


7 

1 

2•3779 

2 4075 

22 7 

2 

*371K 

40U 

19 

3 

•3782 

•4078 

10 

4 

•3680 

•3977 

35 

6 

•3725 

4021 

16 

6 

•874S 

4044 

29 

7 

•3845 

•4140 

22 

8 

•8767 

•4063 

15 

9 

3857 

4152 

29 

10 

■3821 

*4116 

20 

11 

■3799 

4094 

11 

12 

•8736 

4032 

27 

13 

•3724 

*1020 

15 


Applying the corrections for the earth’s attraction, da and do, to the 
E.A. and declination from the formula* 

da = ^sin^secS; tft - -t/cos/>, 

p being tho parallactic angle, we find the corrected R. A and declination 
of the radiant, as given in the socond and third columns % of Table IV. 
In the next two columns of the same table are found the longitudo (L') 
and latitude (B') of the same points, and in the sixth and seventh 



326 


On the Orbit of Part of the Leonid Stream. 

Table IV. 


No 

i 

6 

■ 

" 

L - 

B 

/ 

L 

E 

. 

Wt. 

1 

1 149° 4' 

+ 22* 

2' 

143°35' 

+ 8° 

64' 

143°SI' 

+ 15° 

22' 

0-5 

2 

151 56 

22 

6 

146 5 

9 

63 

147 54 

17 

3 

1-0 

8 

150 37 

21 

22 

145 11 

8 

46 

146 12 

15 

6 

0*6 

4 

149 12 

• 23 

61 

143 4 

10 

38 

142 31 

18 

22 

0*6 

5 

151 13 

22 

21 

145 22 

0 

63 

146 30 

17 

4 

0*4 

6 

161 26 

21 

43 

145 47 

0 

21 

147 23 

16 

9 

0*8 

7 

1 150 19 

19 

47 

146 29 

7 

11 

146 50 

12 

24 

0*2 

8 

1 149 48 

22 

2 

144 14 

9 

8 

144 37 

15 

47 

0*6 

0 

[ 148 23 

20 

11 

143 38 

6 

56 i 

143 30 

11 

69 

0*1 

10 

148 62 

20 

41 

144 46 

7 

63 

145 82 

13 

37 

0*3 

11 

149 43 

21 

21 

144 24 

8 

28 

144 50 

14 

38 

0*8 

12 

161 8 

22 

7 

145 23 

9 

38 

146 37 

16 

88 

0 2 

18 

151 42 

22 

7 

145 62 

9 

50 

147 20 

10 

63 

0-5 


columns are given the longitude (L) and latitude (B), of the true 
radiant corrected for the effoct of the earth’s orbital motion. 

The quantities L and B define the direction of the tangent to the 
orbit of the meteors at the point where the earth intersocta it, and 
from the mean of these separate determinations, the position of the 
earth in its orbit at the time, and an assumption with regard to the 
period of the meteor stream, the orbit is to be determined.* 

The only difficulty lies in deciding on the best mode of combining 
the various observations, or in laying down a rule for determining the 
weights. In this part of the work a certain amount of arbitrariness 
is, I think, unavoidable. From a careful consideration of all the cir¬ 
cumstances of each case, as far as they are recorded, the experience or 
inexperience of the observer in this class of work as far as it is stated, 
the number of meteors obsorvod, and the size of the area from which 
the meteors appeared to radiate, I have been led to adopt the weights 
given in the last column of Table IV, which represents, I think very 
fairly, the relati\e value of the individual observations. It will be 
noticed that I have given the two photographic results (Nos. 2 and 13) 
an importance out of all proportion to the numbor of trails photo¬ 
graphed, viz., four trails in the case of No. 2, and two trails in the 
case of No. 13. This is, I think, justified by the superior accuracy of 
photographic results in this class of observations. 

I thus find as the definitive position of the radiant of the Leonid 
meteors of 1898, 

145° 49' ±20'’B; +16° 2'±19'*9, 
corresponding to the epoch November 14*864 (astronomical time). 

* See 1 HandwOrterbuch der Astronomic,’ herauagegeben von Dr. W. Yalentiner, 
toI. 2, Breslau, 1898. 
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From the researches of the late Professor H. A. Newton, and the 
results of the investigations of Drs. Stonoy and Downing on the per¬ 
turbations of Adams } s orbit, the most probable value of the period of 
revolution would appoar to be at present about 33*49 years, corre¬ 
sponding to mean distance of 10*39. 

Any admissible variation in tho length of the period, however, makes 
but a small change in the other elemonts of the orbit, as is evident 
from Table V, m which tho elements in each column have been com¬ 
puted with the value of the mean distance which is contained in it. 


Table V 



I 

II. 

III. 

(Assumed) period . 

P - 

83 *25 yrs 

33 *49 yrB 

33 *73 yrs. 

Mean distance... 

a ■* 

10-84 

10 39 

10-44 

Angle of eccentricity. 

<t> = 

04° 40' 

64° 50' 

64° 54' 

Inclination. 

t *“ 

10 8 

16 3 

16 3 

Longitude of descending node 

v — 

68 2 

53 2 

53 2 

Longitude of perihelion.... 

W =* 

68 40 

5K 40 

58 40 


If we adopt the value 10*39 for tho mean distance, aw being on the 
whole the most probable, we have the orbit in column II representing 
tho result of tho observations of 1N9K, as far as they have been 
published. 


“ A Comparison of Platinum and Gas Thermometers, including a 
Determination of the Boiling Point of Sulphur on the 
Nitrogen Scale: an Account of Experiments made in the 
Laboratory of the Bureau International des Poids et Mesures, 
at S&vres ” By Drs. J. A. Harker and P. Chappuis. Com¬ 
municated by the Kkw Observatory Committee. Received 
June 8,—Read June 15, 1899. 

(Abstract.) 

In 1886, Professor Callendar drew attention to the method of 
measuring temperature, based on the determination of the electrical 
resistance of a platinum wire. He showed that the method was 
capable of a very general application, and that the platinum resistance 
thermometer was an instrument giving consistent and accurate results 
over a very wide temperature range. 

' Callendar pointed out that if Rq denote the resistance of the spiral 
of a particular platinum thermometer at 0°, and R L its resistance at 
100\ we may establish for the particular wire a temperature scale, 
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which wo may call the seals of platinum temperatures, such that if R be 
the resistance at any temperature T°, this temperature on the platinum 
R 

scale will be s —_ - x 100 degrees For this quantity Callendar 
Ui - Ko 


employs the symbol pi, its value depending on the sample of platinum 
chosen, 

In order to reduce to the standard scale of temperature the indica¬ 
tions of any platinum thermometer, it is necessary to know the law 
connecting T and pt. These are, of course, identical at 0* and 100°, 
but the determination of the curve expressing the relationship between 
them is a matter for experiment. 

Tho work of Callendar had established for a particular sample of 
platinum the relation 


d 


T -pt - «[(, 


_t y__T I 

100/ looj 


over the range 0" to 600", T being measured on the constant pressure 
air scale. 

Later experiments by Callendar and Griffiths showed that this 
relation holds for platinum wires generally, provided they are not 
very impure. They proposo that tho value of 8, tho constant em¬ 
ployed in the formula, should be detei mined by taking the resistance 
of tho theimometer in the vapour of sulphur. A new determination 
of this point on tho air scale made by them ga\e 444*53°, as the 
boiling point under 760 mm. pressure 

The present paper is the outcome of the co-oporation of the Kew 
Observatory Committee and the authorities of the International 
Bureau of Weights and Measures at Sfevrcs, fox tho purpose of 
carrying out a compai ison of some platinum thermometers with the 
recognised international standards. 

A new resistance-box, designed for this ^vork, and special platinum 
thermometers together with the other accessories needed wore con¬ 
structed for tho Kew Committee, and after their working had been 
tested at Kew, were set up at the laboratory at Sevres in August, 
1897. The comparisons executed between these instruments and the 
standards of tho Bureau may be divided into several groups. The 
first group of experiments covers the range - 23° to 80", and consists 
of direct comparisons between each platinum thermometer and the 
primary mercury standards of the Bureau. Above 80° the mercury 
thermometers wore replaced by a gas-thermometer, constructed for 
measurements up to high temperatures. The comparisons between 80° 
and 200° were made in a vertical bath of stirred oil, heated by different 
liquids boiling under varying pressures. For work above 200’ a bath 
of mixed nitrates of potash and soda was substituted for the oil tank. 
In this bath comparisons of the two principal platinum thermometers 
with the gas-thermometor were made up to 460°; and with a third 
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thermometer, which was provided with a porcolain tube, we wore able 
to go up to 590°. Comparisons of the platinum and gas-scales were 
carried out at over 150 different points, each comparison consisting 
of either ten or twenty loadings of the different instruments. 

By tho intermediary of the platinum thermometors a determination 
of the boilmg point of sulphur on the nitrogen scale was also made. 
The mean of three very conun (hint sots of determinations with the 
diffeient thermometers gave 445 u 27 as the boiling point on the scale 
of the constant volume nitrogen thermometer, a value differing only 
0 U 7 from that found by Callond.u and Griffiths for the same tem¬ 
perature expressed on the constant pressure air scale 

If for the i eduction of the platinum temperatures in our comparisons 
we adopt the paiabohe formula, and the value of 8 obtained by assum¬ 
ing our new number for the sulphur-point, we find that below 100° tho 
differences between tho observed values on the nitrogen scale and those 
deduced from tho platinum thermometer arc exceedingly small, and 
that even at tho highest temperatures the differences only amount 
to a few' tenths of a degree. 

Full details as to the insti umentb employed and the methods adopted 
are given m the paper. 


“Agricultural, Botanical, and (’hemi<dl Results of Experiments 
on the Mixocl Hei huge of Peimanent Grass-land, conducted for 
many Years in succession on the same kind. Part 111—The 
Chemical Results.” By Sa John Rennet Lawes, Bart., 
I)CL.,ScD, FRS, ami Sir J. Hen in Gilbert, LL.1)»Sc.D, 
F.RS. Received August 10, 1800 

(Ahstiact.) 

The experiments were commenced m 1856, and die still m progress, 
so that the present is the forty-fourth year of their continuance. There 
are about twenty plots, two of which have been continuously un- 
manured, and tho remainder have icspoctively received different 
descriptions or quantities of manure of known composition. A report 
on the “ Agncultural Results” was published m tho ‘ Phil. Trans./ 
Part I, 1880; and a second on the “ Botanical Results ” in the * Phil 
Trans.,* Part IV, 1882. The present paper deals with a portion of the 
“ Chemical Results.*' 

In all cases, of both first and second crops, the dry matter and the 
ash, and in most the nitrogen, have been determined. In selected cases 
determinations have been made of the amount of nitrogen ejjsting as 
albuminoids, and in somo of the amount of “ crude woody fibre,** and 
of crude fatty matter. More than 200 complete ash-analyses have 
also been executed. 

von, lxv. 2 it 
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It was found that the chemical composition of the mixed herbage 
was very directly dependent, not only on the seasons and on the sup¬ 
plies within the soil, but very prominently also on the description of 
plants encouraged, and on the character of their development; so 
that it was essential to a proper interpretation of the variations in the 
chemical composition, to bear in mind the differences in the botanical 
composition. Hence a summary table was given showing the character¬ 
istic differences in the botanical composition under the different con¬ 
ditions as to manuring, the influence of which on the chemical com¬ 
position it was sought to illustrate. 

As tho investigation involved the consideration of the chemical 
composition of the mixed produce of about twenty plots over forty or 
more seasons, including the discussion of the rosults of more than 200 
complete analyses of the ashes of the separated or the nuxod herbage, 
attention was called to the state of existing knowledge as to the role or 
function in vegetation of the individual constituents found in the 
ashes of plants , and this was seen to be vory imperfect Further, 
in calculating the percentage composition of tho “ pure ash,” the plan 
usually adopted was to exclude not only tho sand and charcoal, but 
also the carbonic .acid The authors considered, however, that the 
presence and the amuiuit of carbonic acid associated with the fixed 
constituents in plant-ashes was a point of considerable significance, 
and they entered into some detail as to the methods of determining 
the carbonic acid m ashes, and as to the results obtained. 

In order to throw some light on the connection between the growth 
of tho crops and their mineral composition, results relating to the 
separated gramineous, tho separated leguminous, and the separated 
“ miscellaneous ” herbage of the mixed produce, grown without manure 
and by different manures, were first discussed To obtain more 
definite evidence illustrating the connection between character and 
stage of growth and the composition of the products- especially the 
ash-composilion—lcsults relating to the bean plant, taken at succes¬ 
sive periods of growth, and also to the first, second, and third crops of 
clover, were next considered Lastly, in further illustration, results 
as to the nitrogen and tho ash-composition of ciops of three different 
natural orders—wheat representing the Oranuneop, Swedish turnips the 
Cruciferaj, and beans and clover the Leguminosere—were given. 

The general result was, that there were very characteristic differ¬ 
ences in the composition of the ashes of different crops according to 
tho amounts of nitrogen they assimilated. Red clover, for example, 
yields largo amounts of nitrogen over a given area, part of which is 
due to fixation, hut much is certainly taken up as nitrates from the 
soil; and the rosults show, that the greater the amount of nitrogen 
assimilated the more is the ash characterised by containing fixed base 
in combination with carbonic acid ; presumably representing organic 
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acid in the vegetable substance before incineration. The conclusion 
was that, independently of any specially physiological function of the 
bases, such as that of potash in connection with the formation of 
carbohydrates, for example, their office was prominently also that of 
miriers of nitric acid, and that when the nitrogen had been assimilated, 
the base was left as a residue in combination with organic acid—which 
was represented by cartionic acid in the ash. Further existing knowledge 
—as to the condition in which combined nitrogen is found in soil waters, 
as to the action of nitrates used as manures, as to the presence of 
nitrates in still-growing plants, and as to the connection between the 
nitrogen assimilated and the composition of the ash as had been illus¬ 
trated—pointed to the conclusion that, at any rate a large amount of 
the nitrogen of the chlorophyllous vegetation on the earth's surface was 
derived from nitrates; whilst, so far as this was the case, the raison 
d'Hie of much of the fixed base found in the ashes of plants would 
seem to bo clearly indicated. 

The various results and conclusions above retailed to were found to 
a fiord material aid in the interpretation of the differences in the 
chomical composition ot the mixed herbage of the different plots which 
was next considered, so far as the first crops ovei the first twenty 
years were concerned. 

For the purposes of the illustrations the differently manured plots 
were arranged m four groups hr follows —1 Plots without manure or 
with farmyard mamue 2. Plots with nitrogenous manures alone. 
3 Plots with mineral manures alone 4 Plots with nitrogenous and 
mineral manmes together. Averago results foi each plot, generally 
for a period of eighteen years, 1856—1873, and including the per¬ 
centages of nitrogen, crude ash, and pure ash, m the dry substance of 
the produce, also the percentage composition of the pure ash were 
brought togothei in a table, and are discussed m detail The close 
dependence of the chemical composition of the mixed herbago on its 
botanical composition, and on the character of development of the 
plants, was throughout illustrated. It was further shown, that the 
mineral composition of the mixed herbage was very directly dependent 
on tho supplies available to the plant within the soil Indeed, when it 
was considered that the mixed herbago of permanent grass land 
includes plants of very various root-range and root-habit, and that 
some of them vegetate more or less almost the year round, it was not 
am prising to find that tho composition of the produce was, upon the 
whole, a somewhat close reflection of the available supplies within tho 
range of the roots It. was, m fact, much more so than in the case of 
individual crops grown separately. Within certain limits, this was the 
case even with the constituents of, so to speak, loss functional im¬ 
portance than those which more obviously determined the description 
of plants encouraged and the character of their development. It was at 
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the same time obvious, that when the more functionally important 
constituents are available in relative abundance, those which are of less 
importance in this respect were taken up and retained in less amount 
than they otherwise would bo, the result being determined m great 
measure by the charaetoi of growth induced. 

For example, if potash be liberally available tho produce is much 
more stemmy, and the amount of soda, of lime, and to some extent of 
magnesia also, will lie less lelatively to the potash. In defect of suffi¬ 
cient potash, on the other bund, more of soda, or of lime, or of both, 
will lie taken up and retained ; but the hoi huge will at the same time 
bo moie leafy and immature. That is to say, the constituents are not 
mutually replaceable in the processes of growth, but accordingly as the 
one or the othor predominates, so will the product of growth be 
different 

Thera can lie no doubt, that luxuriance 01 vogetafno activity is 
intimately associated with tho amount of nitrogen available and taken 
up Fuither, it maybe stated that chlorophyll formation to a great 
extent follows nitrogen assimilation. But the results relating to tho 
increased amount of non nitrogenous substance yielded in the mixed 
hoi huge under the influence of the various manures clearly indicated that 
the nitrogen being taken up, and the thloi ophyil formed, the carbon 
assimilation, and the carbohydiato foimation, depended essentially on 
tho amounts of potash available. It may lie stated as a matter of 
fact that, in practical agriculture, artificial nitrogenous manures aio 
chiefly used for crops containing a comparatively low peicontagc of 
nitrogen m then dry substance, and yielding comparatively low 
amounts of nitrogen per acre Indeed, they are mainly used for the 
incieased pioduction of the non-nitrogeuous bodies—the carbohydrates 
—starch and cellulose in the cereals, starch in potatoes, and sugar m 
the sugar-cane and in root crops, for example And now, m the case 
of the mixed herbage of glass land, it was seen that, provided the 
minoral constituents, and especially potash, were abundantly available, 
a characteristic effect of nitrogenous manures was to increase the 
production of the non-nitrogenous bodies 
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41 On the Orientation of the Pyramids and Templos in the Sftdan 11 
By E A Wallis Budok, M A , Litt.T>, l).Lit, F.S A Com¬ 
municated l>y Professor Su Norman Lockyer, KCU, FK S. 
Keeeived April 14, 1899 

In tho year 1897 I was sent on a mission to the Sfldftn by the 
Trustees of the Thilwh Museum, and in 1898 I was again sent to that 
country to complete the woik m tho places which I could not reach the 
year before on account of the unsettled state of that unhappy land. 
By the favour of Viscount Ciomor and Lord Kitchener, tho Sirdar of 
the Egyptian army, l was enabled to visit sites which had not been 
visited by Euiopeans foi a great many years, and, by the unusual 
facilities which these gentlemen afforded me, to make notes on matters 
of scientific interest which have, in recent years, been widely dis¬ 
cussed. Besides the examination of tho nuns of temples and the copy¬ 
ing of the inscriptions which the hand of time had spared, my wish 
was to collect, so far as possible, accurate information concerning tho 
orientation of the pyiamids in the KftdAn, and to obtain measurements 
of them with special reference to the work whu h Professor Sir Norman 
Lockyer and Mr Pei nose have done on the temples of Egypt and 
Greece respectively 

It will he remembered that a few years ago Su Norman Lockyer 
promulgated the theory that Egyptian temples and pyramids'weto 
oriented to certain stars, which wore sacred to ccitam Egyptian 
divinities, and to the sun at certain points of Ins eoui&e Having 
worked through all tho available material which had been collected by 
himself and others, he came to the conclusion that his theory was 
correct, and that with accurate data m his hands concerning a given 
temple or pyramid, tho astronomer would he able to supply the archaeo¬ 
logist with a tolerably correct idea of the date when the site was first 
covered by a roligions or funeral edifice. Tn the ‘ Dawn of Astronomy 1 
a number of test cases were discussed with results which convinced mo 
of the truth of the theory, and Mr. Pemose, woiking on the same 
lines, applied it to the temples of Greece with such remarkable results 
that my conviction was strengthened. It must, however, be admitted 
that several difficulties still remain to bo cleared away, but I think 
that these will disappear when the temples and pyramids of Egypt 
have been measured and surveyed according to modern requirements. 
For no one can fail to notice that tho plans published, even those in 
the great work of Lepsius, present inaccuracies of a serious kind, 
especially when wo consider that a variation of a few degrees will 
wreck the most careful calculation. The object of the present paper 
is to inquire if, and how far, the pyramids of the SftdAn are oriented 
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according to any definite plan, and to put on rocord for the use of 
those interested in the subject such notes and figures as I was able to 
make. 

The pyramid fields of the Sfid&n may be enumerated as follows:— 
(1) Kurru, (2) ZAmA, (3) Tankassi, (4) Gebel Barkal, (5) NAri or 
Nawail, (6) MerAwi, t .<‘, the Meroe of the Greeks The pyramids 
which stood upon these sites of which any remains at all exist are in 
number about two hundred, and it is quite certain that those which 
havo been destroyed may be reckoned at another two hundred at least* 
But a pyramid field to be useful for working out the theory of orienta¬ 
tion according to a certain plan must possess cortain characteristics, 
such as the following :—(1) The pyramids upon it must bo in a good 
state of preservation at their bases, and all should not, if possible, bo 
oriented m the same direction (2) One or more temples should bo 
either on or near the pyramid field, so that the direction of tho orienta¬ 
tion of l>oth kinds of buildings may be readily compared Now, every 
pyramid which I have seen in the SAdAn, with the exception of those 
of NAri, consists not of a solid mass of cut stones carefully built up 
with a funeral chamber inside it, but of a core formed of a mixture Of 
stones, sand, and lime which has been surroundod with a casing of 
stonos, each measuring about 18 inches by 12 inches by 10 inches. It 
seems to me that the core was first built, and the casing of cut stones 
put round it aftei wanls Curiously enough, every pyramid, with tho 
exception of those at NAri, is truncated, and it is this peculiarity 
which has worked its ruin. For tho ram has run through the flat 
layer of stonos at the top in large quantities, and in passing between 
the stones at the sides, which are built without mortar, has taken with 
it tho lime and sand from the inside; a hollow has thus been formed 
round tho core, and the stones, aided by tho furious winds which rage 
in the SAdAti at certain times of the year, havo by their own weight 
fallen in upon it Sometimes the casing has been built at too steep an 
angle, and the upper parts of the sides have fallen in or fallen out, a a 
the case may bo 

Yet another reason for the ruin of the SAd&n pyramids must be 
mentioned The stones of which the sides are built, unlike tho stones 
which foim the pyramids of Egypt, are relatively small, and the 
natnes have found them to be admirably adapted for certain purposes. 
As a result they have been filched from thoir places, and used to mako 
the foundations of water-wheel supports and of houses, and also to line 
the shallow trenches m which the Muhammadans have buried their 
dead for countless generations Thus the pyramids have, one by one, 
been stripped of their stone coverings, and the wind and rain together 
have beaten the cores so much out of shapo that it is sometimes diffi¬ 
cult, if not impossible, to distinguish them from small natural hills* 
The pyramids which have boon built in tho mountains, or at any great 
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distance from cultivated land, are the best preserved, and this is only 
what might bo expected. When a native wanted stones for any pur¬ 
pose, he wont for them to the pyramid which was neaicst to him, and 
the rosult is that the pyramids which stood near the villages or culti¬ 
vated land have in somo districts quite disappeared. Thus at Tan- 
kassi, about seven miles from Weneni abft-PAm, whero tho Egyptian 
troops weio encamped about eighteen months ago, it is most difficult 
to identify the coies of the pyiaimds which once stood thcie. At 
Gcbel Barkal the pyramids which wore nearest to the cultivated land 
have disappeared, and the same may bo said of dozens of the small 
pyramids which stood at NQri. At Meroe tho pyramids, which were 
built near tho temple that stood only about a nnlo from the river, and 
were m consequence close to the main load which has been the high¬ 
way to Khartum and tho south tor countless generations, have also all 
but disappeared 

In this way the six pyramid fields of tho Hfid&u become reduced to 
three, for those of Kurru, Zfima, and Tankassi may well be left out of 
consideration It is, however, tolerably clear from tho general dispo¬ 
sition of the pyramid icniams at these places, that the system of 
orientation employed by tho builders of the pyramids theio resembled 
that found to have l>een m use at Gol>el "Baikal, Nhr!, and Meroe. 
With tho view of showing the present condition of the pyramids of the 
three principal fields in the Stolen, I took about fifty photographs, 
one of which is reproduced in this paper. Sonic such record was abso¬ 
lutely necessary, for if tho lithographic landscape views printed by 
Lepsius, in his work the 1 Denkmaoler,’ lie compared uith those photo¬ 
graphs, tho serious deienoiatiou in the condition of the remains since 
his time will at once bo clear 

In tho summer of 1897 I ariived at the village of Seiiem abft-Ddm, 
which is situated on the left bank of the Nile, about sixteen hundred 
miles from the Mediterranean , on the opposite bank ho the \ lllages ot 
Shibba, Mor&wi, and Barkal, and on the same side as those, ^viz., the 
east bank, a few miles to the south, rises the magnificent 1 ock of sand¬ 
stone called Gebel Baikal. Befoie I began serious work at Gebel 
Barkal, I visited the pyramids of Nfirl with a view of finding out 
which was the more promising site. 1 could not visit the pyramids of 
Meroe that summer, because all the country round about was in the 
hands of the Dervishes; I theioforo had to content myself with the 
pyramid fields of Nfiti, Baikal, Tankassi, &c ; and with the hope that 
I might visit Meroe later, I decided that, for several reasons, the 
pyramid field of Gcbel Barkal suited my purpose best, and so began 
work there. 

Gebel Barkal is a huge rock about three hundred feet high; it is 
three-quarters of a mile long, and is alnmt half a mile wide in its 
widest part. The widest end has seived as a quarry, and all the 

2 c 2 
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stones used m the casings of the pyramids for 10 miles north and 
south have come from it. Close under the almost perpendicular end 
of the mountain aro the remains of a temple built by Ramoses II, King 
of Egypt, about no. 1330, and those of a temple built by Piftnkhi, 
King of Egypt and Ethiopia, about nr 730, and those of another 
biult by Tirhakah, King of Ethiopia, about n f_\ 0*0. To the south of 
the mountain lies the pyramid field, and the remains of the ancient 
city of Napata must bo sought for some five or six miles fiuther south. 
On the western bank of the Nile there must Hua e stood a groat city, 
with many temples, palaces, and other gieat buildings, tor on several 
occasions when the Egyptian tioops have had to build block houses 
and other military works, portions of huge columns, pottery, &c , havo 
been found in digging out the foundations. The sito of this uty is 
piobably marked accmately by the modem Milage of Sencm abft-Ddm, 
and the tombs which were made foi the nobles thereof are to be found 
away back m the desert, at a distance of about two hours fiom the 
river, in a r.mgc of low sandst me lulls. 



A Pykamid at Uebel Barkal. 

Of the pyramid^ at Ucbel Bai kal some are in ruins and Borne are 
tolerably complete the former are useless for purposes of measure¬ 
ment, because the broken sides and the lUhi is round the bases make it 
impossible to get accurate compass bearings. I therefore made no 
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attempt to deal with the remains of the pyiamidB which are scattered 
about on the rocky plateau on the south sirle of the mountain, and I 
limited my inquiry to the be\on which stood on the top of it In 
Plan I these are set out to a stale of MO nit hos to the mile, and thanks 
to the kindness of Colonel the lion M. U. Talbot, K.E, then position 
is very accurately indnated * The homings weie taken with a pris¬ 
matic compass, the violation of whit h was deteimined by companion 
with an astionomic.d Ji/inmth , but owing to the it regularities of the 
maboniy, they cannot be relied upon to neaiei than 2 'Die distances 
were paced. The \aiiation between the tmo noith and the magnetic 
north was estimated at 5] , and this estimate has been confirmed from 
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The Pyramids ok Gebke Barkal. 

an examination of an Admnalty map,t which I have been so fortunate 
as to have had placed at my disposal. On looking at the plan, wo 
notice that one pyiamid is oriented at 129° from the true north, three 

* My friend Colonel Talbot, who was employed by the Egyptian Government to 
make the Iriangulation and general survey of the S&d&n for military purposes, 
obtained astronomical azimuths from time to time, to determine the variation of 
his compass bearings, and he made use of such data in preparing the two planB 
whioh accompBny tins paper He employed an azimuth compass I did not use 
plumb-lines for finding the alignments, but a steel tape stretched horizontally 
along the general surface of the pyramid was takon as the direction of oa"h side 

t The Admiralty iuup here reterred to was specially prepared in the Hydro* 
iVftphio Department for the use of Professor Sir Norman Lockyer, And it i* now in 
* his possession. It is not a rough reconnaissance mode with a prismatic compass, 
but contains the lines of declination os determined by compass observations 
made in tbo Mediterranean, and the Red Sea, and the adjacent waters of the Indian 
Ocean. 
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at 140°, one at 122°, one at 147*, and one at 139°. Of aU the templos 
which havo been built at the foot of Gebel Barkal only two have any 
substantial remains, viz , those of Pi&nkhi and Tnhakah , the orienta¬ 
tion of the former is 127° from the true north, and that of the latter 
143°. Now it seems to me that we may fairly assume that both these 
kings, with then ancestors and successors, were buried near their 
temples, indeed fiom a common-sense point of view there was no 
place moie suitable for their tombs than the neighbouring hill or 
mountain slope. 1 searched diligently, hoping that I might find some 
trace upon some of the blocks of stono which had formed the shrines 
or funeral chapels that had stood in front of their pyramids, but with¬ 
out success. Every pyramid at Gebel Barkal must have had such a 
shnno or chapel, but the size of the chapel depended upon the lmpoit- 
anca of the man whose tomb the pyramid was intended to cover 
Pyramids Nos 6 and 7 on the plan must, judging by the ruins, have 
had very large shrines enclosed by walls, and we may assume, from the 
absence of similar buildings in the fionts of the other pyramids, that 
they were royal tombs The masonry, however, and the general appear¬ 
ance of them somehow suggest that they weie not tho oldost of tho 
group, though, arguing from arch ecological considerations, they should 
be as old as B.C 700. 

Passing to the most northerly end of the pyramid field of Gebel 
Barkal, we find lying there the remains of a “ step ” pyramid, and as it 
has an entirely different orientation from that of the other pyramids 
there, and tho masonry is of a better class of woik, and the whole 
building is on a scale ,s in <jeneru 9 it is clear that it belongs to a 
different period. It is a striking fact that archaeological considera¬ 
tions indicate that the pyramids which have different orientations 
belong to different periods, and at the end of this paper it will be seen 
that the results deduced from astronomical considerations point the 
same way. 

The official instructions which I received before I went to the Sftd&n 
in 1897 allowed me to make a trial excavation of one pyramid. I 
therefore selected No. 5 of my plan, as on its shrine there were sculp¬ 
tured scenes m which funeral offerings were being made to the royal 
personage who had the pyramid built, by priests, by Anubis the god 
of the dead, and by a number of gods whom it is not easy to identify. 
This royal personage was assumed to have identified himself with 
Osiris, and the goddesses who usually attended the god were here seen 
attending the king or prince. That he was royal there is no doubt, 
for one relief showed him in the act of grasping the hairy scalps of 
representatives of a number of captive or subdued nations, and brand¬ 
ishing a SftdAni club over them, much in the same way as the kings of 
the XVIIIth and XIXth dynasties of Egypt are depicted on the walls 
of their tombs and palaces. To indicate the greatness and power of 
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the king hie figure had been made very large, a custom common among 
savage or semi-savage tribes ; the figures of the vanquished were small, 
and were huddled together. 

To make certain that the mummy chamber was not m the pyramid 
itself, the stones from one corner, about half way up, were removed, 
and a boring was malic to the length of several feet, but it was soon 
evident that the core of the pyramid was not made of maeomy, but of 
stone, sand, lime, <fcc., roughly mixed togetlioi. This being so, the 
hole was filled up, and the btones replaced m the casing work. 

As soon as this trial work was done, by the help of the British 
officers, about forty men were collected, and, provided with a few tools 
and a good number of baskets, we Iwgan to seaub for the pit which 
led to the mummy chamber, which seemed to bo below the ground A 
trench was dug round all four sides, and at length a laige fiat slab of 
hard stone, 10 feet by 6 foot by 10 inches, set in hme, was found on 
the S E. side of the pyramid ; this was broken through, and the layers 
of lime and sand which came beneath showed that wo had reached the 
mouth of the pit or shaft. We toiled through GO feet of rough con¬ 
crete in about four wooks, and at length reached a rectangular chamber 
about 9 feet cube, hewn, like the pit, out of the solid rock, the roof of 
this chamber was supported upon square pillars. A narrow jiassage on 
the S.E. side of the chamber led into another chamber which had 
square pillars likewise; both chambers were half filled with sand. On 
the sand at the foot of the shaft or pit wo found some bleached 
hones and a broken wine jai, upon which wero inscribed the words 
OIN02 P0AI02, i “Rhodian wine.” The bones were like the 
bones of a small sheep, hut they fell into dust when touched, and I 
could not therefore bring them home. The broken wine jar is a most 
interesting object, for it enables us to arrive at the date when it was 
put into the tomb. We know from several sources that Rhodian 
wine was used extensively during the latter half of the second 
century B.C., and the shape of the letters on the jar-nock points to 
that date. The jar, then, must have been taken up to Uebel Barkal 
from Alexandria, probably by boat, between B.C. 150 and B c 50, and 
broken in the chamber, which no doubt served as a funeral chapel, at 
the last feast of offerings held there. I do not think that this date is 
the date of the building of the pyramid, for it is a well-known fact that 
commemorative offerings wero made in these chapels as long as funds 
for the purpose were forthcoming. Tombs of royal personages and of 
people of high rank were kept open by the priests for the express 
purpose of inducing relatives and friends to contribute offerings, 
jrhiefly in kind, at stated seasons of the year, and if a proof be wanted of 
this statement it is sufficient to refer to Diodorus Siculus,* who says in 
his history that he visited the halls* and the chapels of the royal tombs 
* He Tinted Egypt B.o. 67. 
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in tho Valley of the Kings at Thebes. Now we know that several of 
those tombs were built 1,300 years Wore the time of this historian, 
and yet they were open to tho inspection of visitors, even Greeks, at 
thut late date. What the broken wine jar shows us is that the pyra¬ 
mids of Gebel Barkal were not built by late native rulers who flourished 
under the mle of the Greeks and Romans botwoon bc 300 and 
A.D. 350, but by native kings of the earlier dynasties who followed 
ancient funeral customs and rites that were known and practised as far 
back as the Xllth dynasty of Egypt, about B c. 2500. 

But to return to the excavation Having Lenioved tho sand from 
the chambers, it became evident that neither the pillars nor the walls 
thereof had ever been inscribed or sculptured. A diligent search 
convinced me that the mummy chamber must bo situated somewhere 
under tho pyiamul, and, judging fiom the analogy of several tombs 
which I excavated with General Sir Franc is Grenfell, K.C.B., at 
AswAn in 188G-87, it ought to be exactly under its apex, if such a 
term may lie applied to a truncated pyramid. Therefore, returning 
to the end of tho chamlwr which had been hewn out of the rock 
immediately beneath the place where the shrine had stood, we 
searched for an entrance which would lead us in under the pyramid. 
At length we found that the wall of the chamber at this end con¬ 
sisted of a slab of stone about 7 feet by 6 feet by 1 foot 2 inches, 
embedded in lime, and when this was broken through we found a 
sort of vault, but there was nothing in it. The only thing that 
remained to do was to cut into tho floor of the vault, and when we 
had done this we found that we had arrived at the mouth of a 
second pit or shaft, by which the mummy in its coffin must have 
been lowered into tho chamber wherein it was to rest finally. 
We worked away at clearing out tho pit by candle light under great 
difficulties, and when we w r eie al>out 100 foot below the base of the 
pyramid, we began to come near to the short passago at right angles to 
the pit, which should have led us into the mummy chamber. At this 
point, however, the sides of the pit became very damp, and everything 
which we dug out was thoroughly wet; a foot or two lower down the 
men found themselves m standing water, and at length we had to stop 
work. We had reached a depth which had brought ua down to the 
level of the Nile, and found that its waters had forced their way by 
infiltration into the shaft, and presumably into the mummy chamber 
also. This discovery was most disappointing, and one which 1 think 
could hardly have been foreseen. We were, therefore, obliged to be 
satisfied with having demonstrated the plan upon which the pyramid 
tomb in the S&d&n was built, and its analogy to the rock-hewn tombs 
of Egypt of the first twelve dynasties. 

Now it is clear that, when the builders of tho pyramids at Gebel 
Barkal selected the site for their tombs on the edge of the sandstone 
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plateau to the south, it must have been well out of .the reach of the 
infiltration of the Nile waters, for they knew fiom long experience 
that the presence of damp was fatal to the presoi vation of the mummied 
body. And liesides, it is impossible that they should have gone on 
building pyramid after* pyramid at unions places on the plateau and 
on the side wlm h slopes dow n to the mei without finding out that the 
water of the Nile was making their lahoui vain. How then can the 
presence of the water bo :i< counted for ? The true answer seems to be 
that the bed of the Nile has gradually risen since the time when the 
pyramids were built, and it may be that the river has also somewhat 
changed its course A small annual deposit m its bed would easily 
cause both the rise and the change, of course, and as a result certain 
sites which originally stood well above the level of the waters of the 
highest inundation would bo Hooded from time to tune The cause¬ 
way leading to the nvei and the ioiemost couityuid of tho temple of 
Pi&nkhi were flooded In the Nile when I was at Hebei Baikal in 1897, 
and that year the inundation was not by any means one of the highest. 
Had there been any risk of this happening in Pumklii’s time ho would 
never have built, or rebuilt, the temple, which must ha\e )>ecn one of 
tho glories of the city of Napata, neai the site w hereof its remains 
now he. Thus we see that in the Sftdan, as in Egypt, the same geolo¬ 
gical changes have been at woik. 

P.issing now r from Hebei Barkal, we have to consider the pyra¬ 
mids of Nflrt, or Belal, which stand on the w T cst bank of the Nile, pint 
opposite to the now famous village of Kassingar, and at about a distance 
of six miles as the crow' flies from Uobol Barkal The value of the 
pyramid field of Nflr! for a discussion on the orientation of pyramids 
is not so gieat as that of the field of Hebei Baikal, but from other 
points of view' it is of very considerable interest Its pyramids are 
not so well preserved, and theie is not so much variety of orientation 
as is usually found m groups of pyramids elsewhere in the ttfid&n. 
Tho largest of the Nftii pyiamids must, with tho exception of the 
“ step ” pyramids, have been the largest m the SfidAn, for when com¬ 
plete they cannot have been less than 100 feet high Several of them 
are built of hewn stones throughout, and the excellence of the mate¬ 
rial and the handy sizes of the stones have tempted the natives to use 
them freely for building tombs for their sheikhs and houses and giaves 
for themselves. Speaking roughly, tho group at Nflr! consists of two 
rows of pyramids, the older row being that in w'hicli stand the remains 
of a large “ step ” pyramid (see Plan II). Tho next oldest pyramids stand 
in a somewhat irregular row alxmt 200 yards to the S.E., and between 
flit two rows a numlier of pyramids wero built at a later date, great care 
being taken by their builders to place them in such positions that the 
light from the celestial body to which they were oriented should not be 
obstructed by the older buildings. The first row of pyramids is in 
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mins , with the exception of the u step ” pyramid all are small. Of 
the pyramids in the second row, six are sufficiently well preserved to 
afford us a good idea of what they were like when complete. They 
must have stood upon a slightly elevated site, and they could not have 
been much less than 100 feet in the side; on the S.E. side each pyra¬ 
mid had a shrine or chapel, into the innermost part of which the light 
from the celestial body to which it was oriented could enter. At each 
end of the pyramid field was a temple, the sue of which it is impossible 
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to guess at without clearing away the tens of thousands of tons of sand 
with which the whole site is covered That at the X E end of the 
field is of considerable interest, fm it shows ti.ues of a lehuilding, 
during which the orientation angle was alteied AVe have seen that 
the pyramid field of Gebel Barkal repi esented the royal necropolis of 
the city of Napata on the north , to wh«t city, then, did the pyramids 
of Nfirl l>elong 1 In the absence of the definite knowledge which tan 
only lie obtained by excavating, we shall piobably be light in regard¬ 
ing the pyramid field of Nfnt as the royal neciopolw of the city the 
remains of which now lie beneath the sand at Sonem-ribfl-Dfim. This 
city was certainly older than Napata, and theieforc the pyramids 
which form the tombs of its loyal mleis aio oMci than those of Gebel 
Barkal or of any of the other sites which bo fiuthei to the south. A 
remarkable fact is that all the pyramids at Xrtri, of winch tolerably 
accurate compass lieanngs can lxi taken, aic oncntcd 120“ from the 
true north, and that is the angle of oiimitation of the “step” pyramid 
at Gebel Baikal. From ai chieologital considerations the pyramids, 
including those built with stops, which have this angle ot orientation 
should be older than those which have a difleicnt angle The temples in 
Nubia and other countiies, including Egypt, which have this angle of 
-orientation, are as old as the penod which lies between the Xllth and 
XVIIIth dynasties, and 1 therefore think that the pjiamidsof Nfirl, at 
least the oldest of them, arc consideiably older than all the pyramids 
at Gebel Barkal, with the exception of the “step” pyiamul Theie is 
anothei point to mention, the pyramids at Ntiii arc on the left bank 
of the Nile, like all the ancient pyramids of Eg t > pt, ami I think this 
is a strong proof of their great antiquity. A\Tth the making of measure¬ 
ments of the pyramids, and a caieful examination of the ruined 
shrines in the hope of finding inscriptions, my w^ork at Nfirl m 1397 
came to an end. 

Towards the end of last year I left England for the Sfid&n, and 
before the end of December, thanks to the facilities afforded me by the 
Sirdar, I arrived at the Atbara River. In due course I was sent on to 
a place called Bograwiyyeh, from where I was able to examine the 
remains of the temples and pyramids which mark the site of the 
ancient city of Meroe, and of the home of the great queens who ruled 
there under the name of “ Candace ” From the spot wheie I landed, 
the ruins of the great temple of Meroe are about one and a half miles 
distant; by the side of them, running nearly due north and south, is 
the old Khartum road, and in a line almost due east he two groups of 
pyramids, at a distance of about four and a half miles from the liver 
as the crow Hies. The diekh of the district, Muhammad Amin, who 
had been an officer of some rank under General Gordon, gave me 
•every assistance in his power, but the country had been so ravaged 
and wasted by the Dervishes led by Mahmild under the Khalifa’s 
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ordcis, that it was with the greatest difficulty that a couple of donkeys 
were found for us to ride upon. The country is depopulated, and we 
saw hundreds of well built houses falling into ruins. 

Tho first site visited was that of the temple of Meioe, of which 
portions of scveial pillars vi situ still remain Befoie any satisfactory 
measurements of angles of oiientatiou could ho obtained as icguida 
both the temple and the pyramids, I saw that a good deal of excava¬ 
tion and dealing away of tft'lnn would 1mAo to he done; but as no 
men could he found to do the work—there being none in the country, 
thanks to Deiwsh mle—1 had to abandon that idea, and get th^best 
results I could fiom the examination of the rums only The temple 
appeals to have been surrounded by a wall which was built at some 
considerable distance fiom it, and a very huge number of people could 
have assembled m the space between the wall ami the temple. The 
temple was, like most of the Sfidan temples, dedicated to the Sun-god 
Amen-Rii, whose visible type upon eaith was the lain, and clearly the 
ram peculiar to that portion of the SQd&n. Of the shnno nothing 
remains, but a tigme of a ram m hard, bluish-grey stone lay among the 
ruins of the pillars The pyramids, over a hundred m number, which 
aio situated at no great distance to the north-east of the temple, are m 
rtuns, and tile masonry w r hioh still remains is of the same class and 
style as that of the most locent portions of the temple At tw r o or 
three places in the plain round about are remains of buildings of the 
Roman penod, and near one of these was found a small Greek in¬ 
scription, which I biought home, it is now in the British Museum. 

Passing from the rivcisido ruins w r e made our way due east towards 
a chain ot very low lulls that lay in the distance, and after an hour's 
ride wo arrived at a crescent-shaped eminence which stood with it'* 
convex side tow aids us. The top of the eminence wms about eighty 
feet ulxivo the pebbly plain When I had walked lound the pyramids 
it was easy to see that they must be divided for purposes of examina¬ 
tion into three groups The first group stood on the crescent-shaped 
eminence mentioned above, and it seems as if this site originally con¬ 
sisted of a series of low hills, from which the tops had been cut off and 
throwui into the hollow's between to make a level I wise foi the pyramids. 
The first group consisted originally of about twenty-five pyiannds 
Tho second group stood away to the south-east, and consisted oiigin- 
ally of about tw'onty-tw'o pyramids. The third group lay close to tho 
second, and tho pyramids which belong to it aie aliout twenty in 
number. Of tho pyramids of the first group there are abundant 
remains, and it is easy to seo that they reproduce all the characteristics, 
and all the angles of orientation with which we are familiar from the 
pyramids of Gebel Barkal and N&rt, together with some others. Here, 
as at Gebel Barkal and N&rt, and the pyramid field to the north-east 
of the ruins of the temple of Meroe, we find a “ step ” pyramid larger. 
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better built, and better planned than the othei pyiamuls which stand 
near, and m each place this “step” pyramid has an onontation angle 
of 129° 

In Northern Egypt, as is well known, .ill the pyramids aro oriented 
east and west, and obseirations show that m Southern Egypt the 
“step” pyramids aio oiunited not east and west, but in another 
azimuth facing south-east, with such an amplitude that it could not 
ha\e been a question of the sunlight entering the shrine. We are 
therefore driven to stai worship. Now, the thief pyramids in 
Northern Egypt date from nr 3800 to bc 2000, we may expect 
therefore that, as the idea of pyiauud lmildmg was introduced into the 
south from the north, the building of the “step” pyramids must 
ha\o taken place at a ^ery early date Looking to this amplitude it 
has already been show n that some of the chief temples of Southern 
Egypt weie onented to x Centaun Taking the “step” pyramid at 
Gebel Baikal with ail azimuth of 129’, we havo an amplitude of 39° 
south of east, and, not taking into account refraction and the heights 
of the hillh on the houzon, winch would tend to neutralise each other, we 
find the declination of a star thus observed to bo 35 J 58' south, a posi¬ 
tion which the star occupied hc 2700. These “step” pyramids then 
were probably built under the influence of the kings of the Xlth and 
Xllth dynasties, who were famous for their building operations This 
date will also suit admirably from both an astronomical and an 
archaeological aspect the temple of Pifmkhi, which has a ncaily identi¬ 
cal amplitude Wo have to assume therefore that Piilnkhi, like many 
other kings, simply restored a Xllth dynasty temple. With regard to 
azimuths from 143° to 150’, I find that the same star, a Centauri, 
might still have been ol>sei ved, but in this case the building of both 
templo and pyramid must have taken place about the period which lies 
between BC 1200 and B.r 700. Heie, in my opinion, the astro¬ 
nomical determination agrees with the archpeological requirements. 

At Nfhl, as at the othei places mentioned above, wo find numbers 
of pyramids with the orientation angles of 122% 140°, and 147°; and 
the characteristics of the pyramids having the same angle m one place 
are the same as those having the same angle elsewhere. At Nflri and 
at Begrawlyyeh or Mcroe, a considerable number of pyramids have 
exactly the same angle of oiientation, viz., 129°, and the number is so 
great that it is clear that we aro not dealing with a question of acci¬ 
dent but of design. The great Lepsius came to the conclusion that 
the pyramids of Nftrt looked older, and were older, than the pyramids 
of Gebel Barkal, and my own observations made on the spot convince 
me that his view was right; and he might have added also that the 
pyramids at Meroe having the same angle of orientation as those at 
NM are older than those which have a different angle. It has been 
said above that of the shrines which originally stood before the 
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pyramids of Gebel Barkal and Nflrt, few remains exist, hut this is not 
the case with the pyramids of Meroe, where we have the greater por¬ 
tion of many of their shrines still standing m situ. These remains 
show that the shrines consisted of two, and sometimes three, chambers 
with narrow doorways which served, like tho various sights and sections 
df a telescope, to dirot t the rays of light from the celestial body to a 
given spot, that spot in the case of a pyramid being the centre of the 
shrine whore a figure of the deceased was placed. On the walls of the 
shrines are cut m outline figures of kings, armed with bows and 
arrows, and swinging clubs over the heads of a mass of people who 
belong to captive races, and in some few cases we have been fortunate 
enough to find preserved the names of tho kings who built them. Now 
thoso names help us to assign a date to tho pyramids on which they 
are found, and it is thus possible to compare the results derived from 
astronomical calculations based upon angles of orientation, and those 
which are domed from archaeological experience. 

For purposes of convenience tho so-called kings of Ethiopia have 
been divided into four groups — 

1. The dynasty of Fi&nkhi which rilled m the eighth century iu\ 

2 The dynasty of Tirhakah which ruled about a century later 

3. The cm her kings of Meroe who rulod from about B C. 500 to the 

end of the Ptolemaic poiiod 

4. The later kings of Meroe who rulod from the beginning to the 

middle of the Roman domination over Egypt. 

Of each ot these groups of kings monuments, ic., temples and 
pyramids, have been found, and there can lie no doubt whatever aliout 
this, for a number of royal names belonging to each of those four 
groups have been found inscribed upon them. We have already seen 
that some of the temples .and pyramids of Gebel Barkal belong to the 
period which lies between bc. 800 and bc 600, and it is now clear 
that somo of the pyramids of Meroe belong to the period whi^ lies 
between n c 500 and a l> 200 Here, again, the orientation thoory 
shows that any shrine built about that time would have been directed 
to the important south star Fomalhaut Now we may see from Dr. O. 
Danckwortt’s important inquiries concerning tho processional change 
of place of forty-six fundamental stars from n.c. 2000 to A.D. 800,* 
that at zero tune the declination of Fomalhaut was 39° south, and that 
it was slowly changing. So that a difference of 1 3 to 40° south would 
give us B.c 300, and to 38' would give us A.D. 200. After what I 
have said as to tho difficulties, almost impossibilities, of determining 
exact azimuths, in my mmd there now remains no doubt as to tho 
time when these shrines were built. We have now to consider the 


* See ‘ VieitcljaliNsehrift der nstionomischen Gesellschaft,’ Leipzig, 1881, p 76 
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date o! the pyramids of NArl, on which no inscriptions have been 
found, and the date of some of the pyramids of Meroe on which also 
no inscriptions have been found; but before we can arrivo at any con¬ 
clusion on theso points, we must briefly consider the question of the 
ancient civilisation of the SAdAn and its origin* 

In the first place we must put aside the name Ethiopian which is so 
often applied to it, because thoio is no evidence whatever to show that 
it is of Ethiopian origin; the term “ Ethiopian ” has been loosely 
applied to the ancient peoples of the Eastern SAdAn and their works, 
just as to any object the source of which was unknown the name 
u Phoenician ” or “ Hittito ” has been applied in our own day The 
ancient tribes who lived on the oast Iwnlt of the Nile from WAdi Haifa 
to Khartum wore not negroes, and they had but little in common with 
the tribes who lived south and west of Khar t Am, indeed they wore 
not a black race at all The colour of the men’s skins was red, not 
black, anil that of their women, who dul not expose themselves to tho 
sun’s rays, was of a yellowish-red Between theso pooples and the 
ancient Egyptians a more or less friendly intercourse existed ftom the 
earliest times ; otherwise how could tho Egyptian officials who were 
sent to the SAdAn, to tho district of 11 big trees,” to bring back huge 
tree trunks to cut up for coffins and sarcophagi for their royal masters, 
have succeeded in their enterprises ? Men sent upon missions of this 
kind must have followed the course of the nvor, for tho shorter desert 
routes were quite impossible, at any rate on the return journey foi 
men laden with baulks of timber. Still more remarkable is tho fact 
that a high official, (ailed Ba-ur-Tattu, m tho reign of Assa, about B.o 
3300, travelled as f.u south as the laud of tho pygmies, aiid brought 
back ono of these folk for the king; and oighty years later Heru- 
Khuf, a governor of Abu, or Elephantine, did the same thing It is 
difficult to imagine that Egypt could have exercised any great power 
ovei the country south of WAdi Haifa, but that there should have 
been a relatively brisk intercourse between Egypt and the SAdAn for 
trading purposes is only natural. Again, if tho Egyptians made any 
colonies in tho south, tho introduction of Egyptian civilisation and 
religious idous would inevitably follow, and mtorinarnages between 
Egyptian strangers and natives would take place. Moreover, the 
natives who visited Egypt would bring Iwick with them new ideas, 
which in course of time they finally adopted, adding such modifications 
as their opinions dictated. The Egyptian vicoroys and SAdAn princes 
would naturally build temples and tombs (/c., pyramids) after the 
manner of those they found in Egypt, but tho orientation of these 
would be altered in accordance with the religious ^ lews of those who 
built them. But suitable sites for temples and pyramids are more rare 
in the SAdAn than in Egypt, and priests in both countries were unwil¬ 
ling to abandon a spot which had become associated with sacred beliefs 
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■or religious worship. For this reason they were driven to various 
shifts in order to make an old temple suitable for modern require¬ 
ments , and when no amount of modification would suffice they even¬ 
tually pulled it down, in whole or in part, and rebuilt it on the same 
site as the old one. 

Since constant mteicourse existed between Egypt and the Sfiditn in 
very early times, and since the people of the one country were influ¬ 
enced greatly by those of the other, it is clear that theie is no reason 
why certain of the ttftdan pyramids should not be as old almost as those 
of Egypt. Oil this point both astronomy and archaeology agree, and 
I find, on computing the tables in the ‘Dauii of Astionomy * and the 
deductions which the author has made from them with my own obser¬ 
vations made from an archeological standpoint, that our conclusions 
arc identical. I may therefore say finally that we seem to be m the 
presence of three different sets of stinctures which Mere built at three 
different times. The oldest dates from the XITth dynasty, when 
a Centuuri was used as a warning star ; the second from B.C. 1200 to 
B.C. 700, the same warning star being used; and, finally, a third group 
much later, when the star Fomalhaut could be observed on the horizon 
with the identical amplitude first employed. Tables have been pre¬ 
pared showing the various azimuth amplitudes and declinations, with 
corrections for refraction and for hills on the horizon, which are esti¬ 
mated at 1 ° oi 2° in height, but it is not necessary to give them in 
this place because of the local difficulties in determining the azimuths, 
to which I have already referred. 

I have very great pleasure in expressing my thanks to Viscount 
Cromer, Lord Kitchener (Sirdar of the Egyptian Army), Colonel Sir 
Francis Wingate, Colonel Sir Rudolf Slatin Pasha, Major-General Sir 
Leslie Bundle, Colonel the Hon. M. G, Talbot, K.E, Colonel W. H. 
Drage, D S.O., and to many other British officers fen assistance and 
help in the course of my work. Notwithstanding the incessant and 
laborious duties which devolved upon them as officers of a frontier 
field force, they readily and freely found timo to forward my investi¬ 
gations, and but for their many acts of personal kindness I should 
have found it impossible to have completed my mission 

The following table of amplitudes, &c., I owe to the kindness of 
Professor Sir Norman Lockyer, K.C.B., F.R.S. 
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“ The Effect of Staleness of the Sexual Cells on the'Development 
of Echinoids.” By H. M. Vernon, M.A., M.D., Fellow of 
Magdalen College, Oxford. Communicated by W. F. E. 
Weldon, FES Received June 27, 1899. 

The effect of varying degrees of staleneb« of the ova and sperm of 
an organism upon subsequent development appears to have boen very 
little studied, though such a condition must obviously be ft factor of 
frequent occurrence under natural conditions. Thus m most of the 
Coelentora, Echinoderms, and in some of the worms, it would seem to 
be a matter of chance whether tho ova and spermatozoa come into 
contact when freshly shed, or only many hours after extrusion. In 
some mammals also, especially in man, the relative degree of freshness 
of ovum and spermatozoon at the time of fertilisation is entirely a 
matter of chance. 

Tho chief connection in which tho question of stateness has been 
hitherto studied is that of polyspermy. Thus 0. and It. Hoi twig 
found* that on crossing ceitain species of Echinoderms, as the ova of 
Sjplmrechinm yianulam with the sperm of SUontpihtcentiota* Imtlth, 
more and more of the ova wore fertilised up to a certain point if they 
wore kept for an increasing number of hours in sea water, but that 
after this point they began to undergo polyspermy m an mcreiwing 
degree, and to develop abnormally. To what precise extent is this 
tendency present, however, and how is it affected by the staleness of 
the ova on the one hand, and of the sperm on the other ? Also, do 
the normally developing ova of stale sexual products continue to 
develop equally well with those from fresh products, or not ? Such 
are the questions it is attempted to answer in this paper 

The method of experiment was very simple. The ovaries and testes 
of ripe specimens of the Echmoul Stronyylocmtiotus lundas were shaken 
in jars of water, and portions of the contents of these were mixed, either 
immediately, or aftor a given number of hours. The mixed solutions 
were allowed to stand for an hour, and were then poured into beakers 
and diluted with about ton times their volume of water. Twenty-four 
hours later, some of the stirred up contents were introduced into a 
small glass cell, and a drop of corrosive sublimate solution added to 
kill the blastulre and make them sink to the bottom. The numbers of 
normally developing blaetulse, and of abnormally developing and 
unsegmented ova were then counted, 500 to 500 being usually 
enumerated, in order to get an accurate estimate. In all cases the 
mixed ova from two or more ripe specimens were used, and were 

* ( Experimentelle TTntersuchimgen fiber die Bedingungen der Bastardbcfrucli* 
ttuig.’ Jena, 1885. 
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fertilised by the mixed sperm of two or more specimens, in order to 
get as average results as possible In the experiments to be sub¬ 
sequently described, however, in which the stale ova and spermatozoa 
were mixed several different times at a few hours’ interval with fresh 
sperm and ova, as often as not only ono fresh specimen was used in 
each case. 

In the subjoined table are given the results obtained in one of the 
most complete experiments. In this case parallel senes of determina¬ 
tions were made, in which the ova and sperm were kept in, and after 
fertilisation diluted with, respcctnely tank water from the Aquarium, 
*and pure water collected several kilnineties from the shore of the Bay 
of Naples. 



Tank water 

Pure sea water 

Tunc of 
fertilisation 

Per cent, 
blastulir. 

Per cent 
diminution 
per hour 

Per cent 
blast ul te. 

Per cent 
diminution 
per hour 

Directly . 

9S *5 


(Hi-9 


After 6 hours . . 

96 *3 

0 5 

95 6 

0 2 

„ 21 „ 

83 2 

0 H 

97 2 

nil 

» 24 „ . .. 

77 9 

1*8 

92‘7 

1 5 

,, 27 ,, .. 

73 2 

1 0 

06 5 

8 7 

» 301 » •• 

55 7 

5 0 

0*26 

18 0 

>i 38 ii ... 

30-0 1 

1 7*9 

O'O 

0 1 

ii 3^4 » ... 

2 2 

13 6 



„ 46 » •• 

0-0 

0*2 




It will be seen that the ova survived bettor in the tank water than 
in the pure sea water, though m two other similar senes of experiments 
the reverse relationship, which ono would naturally expect, showed 
itself. Of the ova fertilised immediately after shedding, one may see 
that respectively 98*5 and 96 9 per cent, developed to normal blastulae 
On keeping, the ova in the tank water began at first to deteriorate 
more rapidly than those in the pure sea water, but between the 24th 
and 27th hours, those in pure soil water suddenly began to fall away, 
and after 304 hours, only 0-25 per cent of the ova remained to undergo 
normal development. The ova kept in tank water, on the other 
hand, postponed their rapid degeneration till the 27th to the 35£th 
hours, or more especially till the 33rd to the 364 th hours. In order to 
show more strikingly the suddenness of the onset of this abnormal 
development on keeping the ova, another column has been added to 
each half of the table, giving the percentage diminution of normally 
developing ova per hour. For instance, after six hours development in 
tank water, 3*2 per cent, less of the ova developed normally, or, on an 

2 D 2 
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average, 0*5 per cent, per hour for each of the first six hours. This value 
is put, for convenience, against the “ after six hours ” line in the table, 
though it should rightly be placed between the “ directly ” and “ after 
six hourslines. The other values are arranged in the same way. We 
see then, that of the ova developed in tank water, from 0 5 to 1*8 per 
cent, per hour underwent abnormal development up to the 27th hour, but 
that then the percentage rapidly increased, till from the 33rd to the 
35£th hours, it reached to 13'5 per cent. In the case of the ova kept 
in pure sea water, the result was still more striking. Thus till the 
24th hour only 1 5 por cent, or loss per hour developed abnormally, 
but from the 27th to 30£th hour, no loss than 18*9 per cent 


Time of 
fertilisation 


Per cent diminution per hour 



Tauk water Tank water i Pure water j 

(1,000,000 per litre) (49,000 per litre). (680,000 per litre) ' 


Directly. (71 6) 

After 9 Uoun 0 *7 

20 „ S3 

24 „ 6 9 

29 „ 0 5 

32* „ 0*2 

46 „ ' 0*06 


(83 9) 

(86 0) 

0-7 

0*2 

6 6 

0 3 

1*1 

13 *8 

0 05 

3*6 

0*0 

IB 


0*2 


In this next table a similar series of observations is recorded, but in 
addition a third series of determinations was made, in which ova and 
sperm were kept in about twenty times as great a volume of water as 
was used in tho other experiments. Thus it was thought that perhaps 
the keeping together of very large numbers of ova and of spermatozoa 
in small volumes of water might tend to increase the rapidity of their 
deterioration. As far as this single result can show, however, just the 
reverse is the case. Thus when only 49,000 ova per litre were kept 
together, the maximum rate of deterioration was reached between the 
9th and 20th hours, whilst when 1,000,000 per litre (about the usual 
state of dilution) were kept, the maximum rate was not reached till 
the 20th to 24th hours. 

In pure sea water, with a dilution of 680,000 ova per litre, the 
maximum rate was also between the 20th and 24th hours, but a fair 
number also degenerated between the 24th and 29th hours. In this 
table it will be noticed that the actual percentages of blastuto have 
been omitted, and only the percentage numbers of ova per hour under¬ 
going abnormal development given. The numbers given in brackets 
against the “ fertilised directly ” line indicate the percentages of normal 
blastul® produced on immediate fertilisation. 
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Time of 
fertilisation 

Per cent, 
diminution per 
hour 

Time of 
fertilisation 

Per cent, 
diminu¬ 
tion 

per hour. 

Time of 
fertilisation. 

Per cent, 
diminu¬ 
tion 

per hour. 


Tank 

water 

1 

1 Pure 
water 


Tank 

water 


Tank 

water. 

Directly.. • . 

(99*7) 

(98 8) 

Directly . .. 

! (100 0) 

Directly ... 

(98 2) 

After rf hrs. 

0*7 

0*4 

After 9 hrs 

1 6 

After 6 hrs 

0-7 

» Dl ,, 

0 ‘6 

04 

„ 24 „ 

1-0 

11 „ 

ml 

„ 22 „ 

5-8 

i a i 

i ii 83 ,, 

0*7 

ii 24 „ 

ml 

ii 81 it 

2 2 

8 0 

i» 45 „ 

, 0-8 

ii 82 „ 

11*7 

i» 85 „ 

0-8 

0 2 1 

1 

1 

i i4 i 

1 

,, 86 „ 

0*1 


In this next table the reunite of four scries of observations are in- 
eluded. In the first two tho relative effects of tank and of pure sea 
water, were again cornpaied. In this case the pure water had a much 
better preservative effect, the ova undergoing their maximum deteriora¬ 
tion some ten hours later than those kept in tank water. In the 
remaining two series of observations, the sexual products were kept m 
tank wAter, the maximum rate of deterioration being between the 24th 
and 33rd hours, and the 24th and 32nd hours respectively. This last 
experiment is in some ways the most striking ono made, as 94*8 per 
cent, of the ova developed to blastultu until the 24th hour, whilst by 
the 32nd hour only 0 8 per cent, so developed. 

As a whole, therefore, these observations show a fair amount of con¬ 
stancy. Tho moan times of the period of maximum deterioration in 
the various series are respectively 34J, 2822, 14£, 22, 18, 26 J, 28J, 
and 28 hours, or, on an average, 24*jrd hours after the shedding of the 
ova and sperm. The reason of this constancy may have been the 
similarity of the conditions of experiment. Thus all the observations 
were made in the latter half of March and the first half of April, and 
throughout the temperature of tho water only varied between 13*5° 
and 15-3°. 

Tho chief conclusion to lie gathered from these experiments seems to 
me to lie in the comparative suddenness of the onset of the increased 
rate of deterioration of the sexual cells. Thus in all but two out of 
the nine experiments, the rate of increase of abnormal development 
remained at about 1 per cent, per hour till the 20th to the 27th hour, and 
then became so rapid, that within about nine hours the capacity for 
normal development had almost entirely disappeared. Thus rapid 
increase is well shown by the graphic method in the accompanying 
figure* Here the four most striking results obtained are reproduced, 
the values obtained in each of the different experiments being dis¬ 
tinguished by different signs. 
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The probable reason of this increase readily suggests itself. Thus 
supposing that animals developing from ova which are very nearly, but 
not quite stale enough to avoid normal fertilisation and development, 
are for that reason less strong and vigorous than those arising from 
fresh sex cells, it follows that the period during which the sex cells 
remain normal ought to be as long as possible, but that, once these have 
begun to deteriorate, they ought to absolutely lose their functional 
oapacity as rapidly as possible, in order that the number of enfeebled 
organisms which we have supposed to arise may be as small at 
can be. 
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In all the experiments thus far described, both ova and sperm were 
kept for similar periods befoio fertilisation. In order to determine 
whether the onset of abnormal development depended more especially 
on the staleness of the one element or of the other, experiments were 
also made in which either stale ova were fertilised with frosh sperm, 
or fresh ova with stale sperm. At tho sumo time some of the 
stale ova were fertilised uith tho stale sperm, so that properly com¬ 
parative results were obtained. Thcso are collected in the subjoined 
table. 


Tune of 
fertilisation 

Percentage ot normal blastuleo J 

V stale 
stale 

$ fitalo. 
fresh. 

V fresh, 
stale 

After 9 hours. 

88 0 

81 *0 

97*0 

M ^ ,, . 

85 6 

70 0 

65 2 

j 20 „ . 

29 0 

4 7 

95 *5 

! „ 22 . 

91 0 

95 0 

93 0 

i. 24 ,, .. 

45 3 

87 *3 

96 2 

» 24 .. 

70 1 

H7 '(> 

19 7 1 

„ 24 . 

94*4 

95 0 

Ml 1 | 

» 2i ,i . 

73 *3 

67 3 

68 6 | 

.. 29 „ . 

2 7 

91 3 

5 » 1 

i) 33 „ . 

10 6 

4S l 

73 6 I 

84 .. 

0 0 

1 23 8 

3.1 0 

Mean. 

53 6 

68 6 

60*5 


On comparing the threo columns, one can see that there is no regu¬ 
larity in the figures. In two cases tho maximum number of normal 
hlastiilffi was obtained from stale ova and stale sperm, in four cases 
from stale ova and fresh sperm, and in five cases from fresh ova and 
stale sperm. In tho last line of the tablo are given the mean percent¬ 
ages of all the observations made. From these one may perhaps con¬ 
clude that whilst on an average just as many blastulaa are obtained 
with stale ova as with stale spermatozoa, yet that when both the sex 
cells are stale, the proportion is slightly less. Probably, however, one 
is more justified in concluding that within certain limits it is a matter 
of indifference whether one or other or lioth of tho sex cells is stale. 
Thus if the last three observations in the table, made between the 29th 
and 34th hours, be omitted, the average percentages of blastuhe 
obtained in the remaining eight experiments are respectively 72*1, 
73*5, and 77*0, t.*., nearly as great with both sexual cells stale as with 
only one. These last three experiments would, however, seem dis¬ 
tinctly to indicate that when the sexual cells have reached their period 
of rapid deterioration, it is a distinctly more favourable condition if 
only one and not both of the cells be stale. 
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The conclusion we have arrived at is not altogether an expected one, 
as far as one could form any expectation from indirect evidence. Thus, 
as before mentioned, O. and It. Hertwig found that the ova of certain 
EchinoidB, if kept ten to twenty hours, underwent fertilisation in very 
much larger numbers than freshly shod ovu The fresher and better 
the condition of the sperm, however, the better the chance of cross 
fertilisation. Again, m a former paper/ I showed that hybrid larvae 
from the ova of StronyylocnUi'otm hvidm and the sperm of SpharerMnus 
granularis could only be obtained m any number during the months of 
July and August, when the sexual products of Sfnmtjylocentrotus were 
found to reach their minimum matui ity Those of SpharerJnnus were, 
on the other hand, in a mature condition. One would therefore be 
inclined to conclude that in the present expci iments, stale ova ferti¬ 
lised by fresh sperm would yield a larger proportion of blastulae than 
fresh ova fertilised by stale spoim. It must bo rememlxjred, however, 
that the conditions are essentially different. Thus in direct fertilisa¬ 
tion, it is the natural property of every ovum, whether frosh or stale, 
to undergo fertilisation by any Kpermatozoon which still preserves its 
vitality; whilst in cross fertilisation it is, us a rule, the natural pro¬ 
perty of every ovum to resist such impregnation, and this resistance 
is only overcome when the vitality is diminished by keeping the ovum 
m water, or by other moans. 

We have thus far examined only how far the stalencss of the sexual 
cells affects the number of normally developing blastulae. Does it 
have any more permanent effect, and do the larvae developed from 
stale products differ either in form or size from those developed from 
fresh products ? In the paper just mentioned, a few experiments upon 
this subject were recorded, and these showed a very distinct effect to 
be produced ■ but as they wore not very numerous, no great stress was 
laid upon them. They have since been repeated, and sufficient con¬ 
firmation of them obtained. The method of experiment was, us usual, 
to mix portions of the liquids containing the stale or fresh ova and 
sperm, and then, after an hour, pour them into jars containing about 
2£ litres of sea water. Those jars were kept in a tank of running sea 
water at a practically constant temperature for eight days, and the 
larvae were then killed by the addition of corrosive sublimate, and pre¬ 
served in 80 per cent, alcohol. They were then mounted in glycerin, 
and measured under the microscope in groups of fifty, by means of a 
micrometer eye-piece, t In a complete experiment, five senes of mea¬ 
surements had to be made, viz.: (1) of the normal larvae obtained 
from the fresh ova fertilised with fresh sperm, (2) those from stale ova 
and Btale sperm, (3) from stale ova and fresh sperm obtained from 
another freshly opened Echinoid, (4) from fresh ova and stale sperm, 

* * Phil. Tnuis ,* B, 1898, p. 466. 

f For fuller details of the method, w d§ * Phil, Trans.,' B, 1896, p. 677* 
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{6) and, lastly, those from the ova arid sperm of the freshly opened 
Echinoids. It is of course impossible to get an exact basis of com¬ 
parison for the larvai obtained from one stale and one fresh sexual 
product. The best possible is to take a mean between the size of the 
original normal larva} and that of the larvae obtained from the fresh 
sexual products used foi fertilising the stale products The larvae 
obtained with both sexual products stale are of com M 3 accurately com¬ 
parable with the original normal lai va» 

In the accompanying table are given the mean percentage differences 
in the size of the larva} obtained with flush and stale products, from 
the original normal larvae m the oue case, and fiom the mean between 
the original and the fresh normal larvse m the other two cases. The 
actual body length measurements of the original noimal and fresh 
normal larvre are also given, these being m micrometer eye-piece scale 
units. 


Ft*rlillation Hindi 1 aitir 


Condition of sexual 


colls. 

I 



- 


9 lir* i 

24 hr* 

33 hr? ' -Jo hrs | 24 lirs. 

1 34 hrs. 

Stale V, stale . 

-0-2 ! 

+ 1 9 

4 X-l ,-19 , -3 0 

! ml 

Fresh $, stale £ 

+ 7*1 ! 

t3 7 

+ 10 9 1+15 +3 9 

- 2 7 

8tale ? , fresh 

-2*8 | 

-8 0 

4 2 0 j-15 0 -5 2 

1-13 0 

Body length of normal 

lame. 

29*91 ' 

,, 

1 .. ; 30 72 


Body length of frouh 

i 

26 12 | 


1 


noimal larvae. 

30 59 

25 85 30 34 || 30 99 

31 01 


In the first group of observations given m the table these series of 
measurements were repeated after keeping the sexual products respec¬ 
tively 9, 24, 33, and 45 hours. When both the sexual cells were stale, 
it may be seen that the size of the larva3 was only slightly, if at all, 
affected, the average variation fiom the original noimal larvte being 
only 02 per cent. With fresh ova and stale speim, on the other hand, 
the larva were considerably increased in size, even those obtained 
with sperm forty-five hours stale being slightly larger than the mean 
normal. With stale ova and fresh sperm, there was in three out of 
the four experiments a distinct diminution in the size of the larva, 
this amounting to no less than 15 9 per cent, in the case of the ova 
kept forty-five hours. This experiment thus affords a most satisfactory 
confirmation of the conclusion tentatively put forward in the above- 
mentioned paper, t.e., it shows that whilst lame obtained fiom stale ova 
and stale sperm are of the same me as those obtained from fresh sexual 
products^ those fiom fresh ova and stale sperm are distinctly larger than the 
normal^ and those from stale ova and fresh sperm distinctly « mailer . 





360 Effect of Staleness ofScjcual Cells on Development 

cent. If, then, with a particular sea-urchin a third of the ova did not 
undergo fertilisation till some twenty hours stale, whilst another third 
underwent fertilisation by twenty hours stale spermatozoa, and only the 
remaining third underwent fertilisation at once by fresh spermatozoa, 
then the probable error of variation of all of the larv® so arising would 
roughly speaking be doubled. Of course this is an extreme instance, 
which could never occur m the case of Echinoids, but might easily 
occur in the case of, for instance, man. Whether the variations so 
produced would be in any degree transmissible by inheritance, is quite 
another point, but supposing it to bo only the size of the offspiing 
which is thus influenced, it may bo merely a question of varying 
degrees of nutrition, and so bo directly transmissible. In any case, 
whether inheritable or not, variation of itself may be in many cases 
of value, as it may give a letter chance to natural selection and other 
agencies of picking out those individuals more adapted to their en-< 
vironment, and rejecting those less adapted. Thus, if all the individuals 
are nearly alike the evolutionary process must needs be exceedingly 
slow 

Finally, these results are of interest in that they prove the inequality 
of the sex cells. The diminution in the size of laryse obtained from 
stale ova and fresh sperm may perhaps be looked upon as one of 
diminished nutrition, the result of the staleness of the yolk, but it is 
difficult to imagine why the stalencss of the spermatozoon used to 
fertilise an ovum should produce a larva larger than the normal, unless 
one holds that the part played by the sex cells differs m some essential 
particular. 

Sammai y. 

The following are the chief conclusions arrived at m this paper:— 

(1) Tf the ova and sperm of the Eehmoid Sttoayylotrnhotas hvitlus be 
kept for various times in sea water before fertilisation, then for about 
the first twenty to twenty-seven hours the number of normal blastulse 
formed diminishes only about I per cent, per hour. After this ab¬ 
normal development sets in rapidly, so that generally after a further 
nine hours or so, no blastulse at all are obtained. The rate of falling 
off in the number of normal blastul® may increase to as much as 18*9 
per cent, per hour. 

(2) If ova not more than twenty-seven hours stale be fertilised 
with equally stale sperm, practically as many blastulra are obtained 
as when stale ova are fertilised by fresh speim, or fresh ova by stale 
spezm. After twenty-seven hours, however, the number of blastula 
obtained with both products stale falls off more rapidly. 

(3) Larvaa obtained from stale ova and stale sperm are of practically 
the same size as thoqe from fresh sexual products, but those from fresh 
ova and stale sperm bre distinctly larger than the normal, whilst those 
from stale ova and freph sperm are distinctly smaller. 
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“ On the Influence of the Temperature of Liquid Hydrogen on the 
Germinative Power of Seeds.” By Sir William Thisklton- 
Dykr, K.C.M.G., C.I.E., FRS, Director of tlie Royal Botanic 
Gardens, Kew. Received Septeml*er 28, 1899. 

The * Comptos Rendus 1 for August 28 (p. 434) contains a communi¬ 
cation from Professor Dowar to M. Henri Moissan, ‘‘relative k la 
solidification de Thydrog&ne.” It concludes with the following sentence, 
which may be easily overlooked.—“ Des giames refroulies dans de 
ITiydrogfcne liquide consen r ont toute la propritft^ do germer ” 

This is the first announcement of an interesting experiment in which 
Professor Dewar did me the honour to ask me to assist him. He has 
further suggested to me to put on record the facts, as far as they came 
under my observation, and any physiological < onclusions to which they 
Boom to point. 

With this suggestion I have no alternative but to comply. Botanists, 
will naturally expect some more detailed account than is contained in 
the brief announcement which I have quoted. But as my share in the 
research has been of the smallest, I should have much preferred that 
Professor Dewar should have given the result of the whole investiga¬ 
tion himself. 

When Professor Dewar first suggested the experiment to me, he 
pointed out that it would be a costly one, that it would only be possible 
to operate on very small quantities of seeds, and that the number of 
kinds must also be few. 

The dozen seeds experimented upon by Messrs. Brown and Escombe, 
which were submitted to the temperature of liquid air, were apparently 
selected as belonging to different natural families, and also in some 
degree as to their composition.* My choice was much more restricted. 
I took two out of their list for the sake of comparison: Barley and 
vegetable marrow. I added wheat, which had more than once l>eenmade 
the subject of experiment. This gave me two farinaceous seeds and one 
oily one. I then took shape and bulk into account. Wheat and 
barley are roughly ellipsoidal and medium in size. The vegetable 
marrow is relatively largo but flattened. I therefore added another 
oily seed, mustard, which is small and spherical. I followed Messrs. 
Browne and Escombe in taking a pea, which is also spherical in shape 
but nitrogenous in composition. Finally I sought a very minute seed,, 
and pitched upon musk. 

The list then ultimately stood:— 


* ‘ Boy. Soe. Proo./ vol. 68, p. 161. 
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Bra men alba . 

Pimm mtivum. 

Cururbita Prpo, 

Mtmulus ino^rhatV't. 

Tntmim snticum. 

Hmthtnn nthjorc. 

The m i \t point seemed to be to eliminate the source of on or which 
might arise from defective germinative power. I therefore communi¬ 
cated the list to Messrs. Sutton and Sons, of Reading, and asked their 
assistance With their invariable kindness in any scientific enquiry, 
they willingly complied, and sent the samples required with the follow¬ 
ing report *— 

11 We now have pleasuro in sending a packet of each of the seeds 
yon name They are all of last year’s growth, and of good germi¬ 
nation. 

“For your information we append the germinations arrived at by 
our tests made m March last of the various parcels from which these 
samples arc taken. 

“We have no doubt that each gram of wheat is a germinating seed, 
as specially fine seeds have been picked out 

“In the case of musk a good growth was obtained, but the gciruina¬ 
tion was not counted 

“Germinations — 


Mustard . 

100 per cent 

f Bountiful' peas 

100 

Vegetable marrow 

96 

Musk 

Good. 

Wheat . 

96 „ 

Barley. 

. 100 „ ” 


I forwarded the samples (which were small) to Professor Dewar, and 
suggested that they should be each divided into two portions, one for 
a control experiment under ordinary conditions, the other to be 
returned to me after being subjected to cooling. Owing to some 
misunderstanding, this was not done; but, as will be seen in the 
result, the omission proved immaterial. The seeds, it Bhould be stated, 
were simply air-dried: they were ordinary commercial samples, and 
no attempt was made to further desiccate them. 

I pointed out to Professor Dewar the advisability of exposing the 
seeds to extreme changes of temperature as gradually as possible, a 
precaution which Messrs. Brown and Eseombe carefully observed.* 
He promised “ to consider what can be done to avoid any disaster 
from this cause.” 

* Loc. eit p. 161. 
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On July 21 he wrote to me:—“In spite of the weather I have 
carried out my promise, and cooled some seeds in liquid hydrogen for 
half an hour. I had to seal them up m a glass tube, cool first in 
liquid air, and then transfer to the hydiogea. They have, therefore, 
been cooled to - 250" C., or - 252 C , while being in a vacuum 
{Boeing the air left had no appreciable tension). The seeds, in other 
words, have been transferred to a condition resembling that of moving 
through space. Another sot of the socmIs havo been cooled only in 
liquid air for comparison.” 

On July 22 he added, on returning the seeds — “ There can be no 
doubt about the seeds being cooled, as they weie in the hydrogen fm 
more than an hour. In fact I used tmaily COO c c ot liquid h)dio- 
gen.” 

The seeds came to me m the small packets of tinfoil in which they 
had been placed m the tube. On opening these it was observed that the 
seeds were as fresh and bright as befoie being subjected to the treat¬ 
ment. There was not the slightest discoloration observable m the 
green tint of the peas. This practically disposed of the only anxiety 
which Professor Dewar felt as to the success of the expci lmeut, and 
expressed to me on July 25 :— 

“ My own impression is that unless the sudden vacuum caused by the 
liquid hydrogen cooling has produced physical rupture of the seeds, 
they will germinate as usual. If they survive this awful strain, thou 
I believe no increase of the timo of cooling could produce any effect 
other than results from one hours exposure to such seveto cold.” 

The seeds were sown in a cool greenhouse, without heat, on .July 27. 
On August 1 they had all germinated In the case of the mustard, 
136 young plants were produced from 155 seeds; the remainder had, 
however, germinated, but the seedlings had damped off. One of the 
packets of wheat, for some reason, germinated slightly more slowly 
than the rest. 

On August 5, I received a further packet of tho seeds (the musk 
excepted) indiscriminately mixed. Professor Dewar wrote the same 
date:—“ I have sent you seeds to-day which, if the treatment with 
cold can kill, ought to bo dead. They have been immersed in liquid 
hydrogen for upwards of six hourb, and no attempt was made to 
graduate the cooling. They were placed m the vacuum vessel into 
which the liquid hydrogen could drop from the apparatus, and had to 
take their chance. The seeds havo been soaked in liquid hydrogen, 
and in this respect differ from tho last that wore cooled m a vacuum 
from being sealed in a glass tube.” 

In this instance again tho seeds did not show the smallest visible 
trace of the ordeal to which they had been subjected. They were 
sorted out and immediately sown, under tho same conditions as before. 
By August 9 the seeds had all germinated without exception. I com-. 
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miuiicated the result to Professor Dewar, and he informed me, 
August 15 —“ The temperature Fahrenheit to which the seeds were 
cooled was - 453° F. below melting ice.” 

These aro the details of the experiment. As it is not likely to bo 
often repeated, I have thought it worth while to place them on record 
as precisely aB possible 

The first question that suggests itself is, what evidence we have 
for believing that the seods have actually been brought to the almost 
inconceivable temperature with which they were surrounded. That 
they were so brought, Professor Dewar himself has not a shadow of 
doubt. That substances at widely extreme temperatures can remain 
in juxtaposition at least for some time, and still maintain them, is 
illustrated by a striking experiment shown by Professor Dewar at the 
Royal Institution on April 1, 1898. Liquid air poured into a large 
silver basin heated to redness, remained apparently as quiescent at 
this high temperature as in cooler vessels, and maintained a spheroidal 
condition. This is well understood. But the fact remains that liquid 
air with a temperature of about - 190° C. was contained in a vessel 
which had a temperature of 80(T C., the difference in temperature 
between the two being 1000° C. 

If we turn for a moment to the effect of heat on living structure, 
we know that a temperature of 75° C. is fatal to all protoplasm, 
because at that temperature its proteids are coagulated. Yet there is 
good evidence for the fact, that seeds have been exposed for pro¬ 
longed periods to a temperature above 100° C., and yet have sub¬ 
sequently germinated. It may be taken as absolutely certain, that in 
this case that temperature never reached the embryo, but must have 
been intercepted by the imperfect conducting power of the seed-coats. 
Cohn again has found that the spores of Bacillux mbtilie survive pro¬ 
longed boiling,* and a similar observation applies. 

It is probable that plant structures are deficient in thermal trans¬ 
parency, and they are notoriously indifferent conductors. Nevertheless 
it is difficult to believe that in the case of such small bodies as seeds, 
their being brought to the temperature with which they are surrounded 
can be more than a question of time. 

That the thermal opacity of at least the seed-coats, may be really 
considerable is not, however, impossible, even at low temperatures. 
The following remarks by Professor Dewar have an obvious bearing 
on this point:— 

“Pictet, after an elaborate investigation, concluded that below a 
certain temperature, all substances had practically the same, thermal 
transparency, and that a non-conducting body became ineffective at 
low temperatures in shielding a vessel from the influx of heat. Ex¬ 
periments, however, prove that such is not the case, the transference 
• See Vine's 1 Physiology of Plants/ p. 1883. 
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of heat observed by Pictet appearing to be duo, not so much to the 
materials themselves, as to the air contained in their interstices. 
Good exhaustion in the ordinary vacuum vessels used in low tempera¬ 
ture work, reduces the influx of heat to one-fifth of what is conveyed 
when the annular space of such (loublc-wallod vessels is filled with 
air.”* 

It is to be noticed that in Professor l)owar's first experiment, the 
seeds were practically in a vacuum. It is obvious from what has been 
quoted above, that this would help them to retain their heat. Any 
hesitation in accepting the results of the experiment on this ground 
is however swept away by the second oxpciiment in which the seeds 
with absolutely no protection at all, were actually soaked in liquid 
hydrogen for six beau’s. The extremity of caution can hardly resist 
the conclusion that they must have been brought to the same tem¬ 
perature. 

Profossor Dewar finds “that silica, charcoal, lampblack, and oxide 
of bismuth, all increase the insulation to four, five and six times that 
of the empty vacuum spice.” It might possibly bo worth whilo to 
try how far a packing of small an-dry soods would compare, say with 
charcoal. And this would in some dcgroc bo a measure of the thermal 
transparency of seed structures. 

Professor Dewar suggested to me that I should supplement this 
statement by some remarks on the physiological bearing of tho ex¬ 
periment. This has alroady been discussed by Messrs Drown and 
Escombe, and there is perhaps little of moment to add to their con¬ 
clusions. 

The real interest of the whole investigation obviously lios in the 
question how far it modifies our conceptions of the nature and pro¬ 
perties of living matter. Protoplasm, whatever its source, has physical 
properties and an ultimate chemical composition which arc practically 
uniform. This uniformity, however, overlies a potential divoisity 
which is not to be measured Such diversity cannot be accounted for 
by any purely physical conception^ as physical conceptions are 
understood. 

Wo not merely know tho ultimate constitution of protoplasm, but 
wo also know a good deal about its proximate constitution. Yet tho 
properties of living protoplasm are very far removed from the mere 
sum of those of its constituents, and no light can lie derived with 
respect to them in this direction. And what wo know about tho con¬ 
stituent bodies themselves is at present not a little obscure. They 
belong, as it were, almost to the fringe of possible chemistry and 
almost elude tho methods of chemical research. But they, complex as 
they are, are not themselves protoplasm. Their cumbrous molecules 
ai$ built up and broken down by ordinary chemical processes. They 

• « On Liquid Air as an Analytic Agent," * Roy. In.t / Apr. 1.1808, pp. 7 and 8. 
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are not in themselves, in any intelligible sense, living though essential 
to the exhibition of vital phenomena. 

There our analysis of living mattor by physical methods for the 
present stops. But we .are justified in pushing, at any rate, semi- 
physical conceptions as far as we dare. Wo conceive, therefore, the 
physical constituent molecules of protoplasm as aggregated into larger 
molecules which, as they are unlike anything we know as purely 
physical, wo call physiological.* Of the properties of such molecules 
we have somo faint conceptions. The first is their instability. They 
aro kinetic, 11 living substance is continually breaking down into 
simpler bodies, with a setting free of enorgy ; on the other hand living 
substance is continually building itRolf up, embodying energy into 
itself, and so replenishing its store of onoi gy.” t This kinetic condi¬ 
tion is essentially life; when it ceases, we have hitherto believed that 
the constituents of protoplasm como under the sway of purely inorganic 
conditions. 

If wo pause for a moment to attempt a quasi-mochamcal explana¬ 
tion of the more developed phenomena of living organisms, such for 
example as aro included under heredity, wo aro led to suppose that 
the physiological molecules may themselves bo grouped into larger 
aggregates. And each stage of aggregation introduces us into a new 
older of phenomena All that wo can say is, that beyond tho first 
stage the properties which arc charactoiistio of higher molecular aggre- 
gratos, aro ultra-jihysical, taking physical in its ordinary signification. 
That does not imply, however, that physical conditions aro ever in 
aboyanco. Each stage of aggicgation is conditioned by every ono that 
precedes it In this sense life Tests nu Joml on a physical basis. 

A continuous kinetic condition appears to be one distinctive pio 
porty of physiological molecules. This not moi ely manifests itself in 
continuous chemical activity, but under appropriate conditions in actual 
visible motion. And it is to be icmarked of tho former, that though 
chemical in kind, it is undoubtedly ultra-chemical as chemistry is under¬ 
stood in the laboratory. A further characteristic of the physiological 
molecule is that it possesses the power of breaking up chemical combi¬ 
nations and reuniting their constituents m a way which absolutely 
eludes the methods available to the chemist, and entirely outstrides 
tho pace at which he can proceed. There is the same kind of difference 
Instween the two methods as there is betwoon arithmetic and the cal¬ 
culus in the solution of a mathematical problem. 

The question then is, how far the effects of Professor Dewar’s experi¬ 
ments and of those who have precoded him in the same field, require 
us to modify our conception of the physiological molecule. Are wo 

* Identical with Foster's u scinaculs,” * Text*book of Physiology,' Tart J, 6th ed., 

p. 6. 

' t Foster, loc. cit, p. 41. 
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obliged to admit with Professor C. do Candolle and Messrs. Brown and 
Escombe that it may descend to a purely static condition ? 

This is really bound up with another question The kinetic condi¬ 
tion depends on the constant liberation of energy by chemical change. 
Of this the most important is that tine to oxidation. But we now 
know that this is not the only souice of energy in living matter, or in 
all cases the indispensable one. The late Dr Romanes showed that 
neither a high vacuum nor sulisequiiont exposure for twelve months to 
absolutely indifferent gases, such as hydrogen or nitrogen, or even 
poisonous ones such as hydrogen sulphide, foul any effect on the gcr- 
minativc powor of seeds. Professor Pfoffer has, however, informed mo 
in conversation that an injurious effect is ultimately produced. 

Vital processes have their optimum point as regards teniporaturo 
Their superioi limit for the icasou already pointed out is tolerably 
sharp; blit the inferior is by no means equally so According to 
Boussmgault tho decomposition of caibon dioxide by green plants 
may take place nearly *at 0 1 C.* Below tho optimum there is then some 
evidence of a “slowing down.” While some proeossos roach their 
limit, can we assume that all do ? 

The question would be peremptorily answoicd for us by those 
who assert that all chemical action is in al>cyanco at such temperatures 
as I am discussing. Photographic action still takes place at tho 
temperature of liquid air, though this may be duo to phosphor esccnco. 
But a jet of hydrogen will burn in it. 

Messrs. Brown and Escombe sum up the two methods of explaining 
what has been called “ dormant vitality ” with sufficient accuracy m 
their paper. According to tho one view, metabolic and its resultant 
kinetic activity is “ slowed down ” indefinitely. In such a case as now 
described, it might be said that this takes place along an asymptotic 
curve, continually approaching but novel becoming equal to zero. 

According to the other, piotoplasm passes absolutely from the 
kinetic to tho static condition. Its locked-up energy becomes purely 
potential, and Professor C. de Candolhthas not hesitated under those 
circumstances to compare it to an explosive. 

It has been pointed out that such a conclusion is absolutely in con¬ 
flict with Mr. Herbert Spencer's well-known definition of life. But it 
appears to me that that definition was only intended to apply to 
higher stages of the aggregation of living matter than that of the 
physiological moloculo on wdnch I have endeavoured to fix the discus¬ 
sion. Tho question seems to me to bo aimpty whether it is admissible 
to regard that as capable of being brought to an absolutely static 
condition. 

Conceive two such molecules, one known to be living, but static, 
and the other dead, and both to be maintained in a condition in which 
* Siwlis, * Text-book,’ 2nd ed., p 729. 
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they arc not immcdiutoly susceptible! to chemical change. What is the 
criterion of life ? There is none. It seems to me then that the question 
I have propounded does not admit of any positive answer m the present 
state of our knowledge. 

A problem, perhaps somewhat scholastic, which once vexed tho souls 
of biologists was •—Wliethor life wits tho cause of organisation or 
organisation of life. What is to be our answer if our starting point is 
no more than a possible “explosive”? 


“ Effects of Thyroid Feeding on Monkeys ” By Walter Edmunds. 

Communicated by Professor J. Bosk Bradford, F.RS. 

Received September 28, 1899. 

(From the Laboratory of tho Brown Institution ) 

The experiments were made altogether on nine monkeys; from 
them, however, it would be safer to exclude threo . two Iwcause patho¬ 
logical conditions were found in their lungs after death, and one 
because the animal diod m so short a time (soven days) after tho com¬ 
mencement of tho treatment. 

There romuiri then six experiments for consideration. 

The thyroid preparations administered were either a powder mado 
according to tho directions of Mr, Edmund White, or thyrocolloid 
preparod by the method of Dr. Hutchison 

The doses given woro large and corresponded to from ono-half to 
threo sheep's thyroids (both lobes) to a monkey daily. 

Marked effects were produced by this treatment: the eyes became 
abnormally prominent; tho monkeys lost flesh, became woak, and 
eventually diod. 

The symptoms produced may be tabulated as follows : (1) Proptosis, 
(2) dilatation of pupils, (3) widening of palpebral fissures, (4) erection 
of hairs on head, (5) hair falling out in patches from various parts of 
the body, (G) paralysis of ono or more limbs, (7) emaciation and mus¬ 
cular weakness, (8) death from asthenia 

With respect to these symptoms, proptosis, dilatation of pupil, 
widening of tho palpebral fissure and oroction of tho hairs on the head 
are effects which are produced by tho stimulation of the cervical sym¬ 
pathetic. 

As the chief object of these experiments was to determine as to 
exophthalmos, sketches were made of the monkoys before commencing 
treatment and also after ; eye changes occurred in all the six monkeys, 
and of four of them sketches exist showing these changes; in two it 
was not practicable to obtain the second sketches, but there was no 
doubt about the eye changes in these also. 
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Exophthalmos, after the administration of thyroid preparations, has 
been observed before. B^cl&re, m a ease of myxedema m man in which 
excessive doses of thyroid were given by mistake, noticed amongst 
other symptoms ascertain degree of exophthalmos. Ballet ami 
Enriquet, in ono of six dogs which were fed on thyroids, found dis¬ 
tinct exophthalmos. Cunningham also obtained this symptom in 
rabbits and monkeys. 

As the eye changes can be produced by stimulation of the cervical 
sympathetic, it scorns reasonable to infer that thyroid extract acts in 
the same manner, and also that the increased secietion of the enlarged 
and altorod thyroid of Graves's disease is in patt at least the cause of 
the exophthalmos that occurs in that aflWtinu 

The falling out of the hair m patches and its loosening generally 
were common symptoms, and were seen in all the monkeys 

As to paralysis, in two of the experiments the hind limbs became 
paralysed ; in ono of these cases the treatment was stopped to see if 
any improvement followed, but it did not, and the animal died in a few 
days. In another experiment both aims became paialysed, this 
passed off in two days without the treatment being stopped 

These paralyses have also been noticed befnio Ilccltue, in the patient 
referred to above, found ono day hemiplegia with aphasia and hemi- 
nmesthcsia, all of which disappeared m a few hours In thyioulless 
monkeys, Horsley has twice seen a complete hemiplegia, following an 
attack of clonic spasms, and passing off in a day or so In one of my 
thyroidlcss monkeys a temporaiy paresis of one arm occurred. 

The symptoms of loss of flesh and mustular weakness ouHired m 
all the experiments, and in all too the animal died, at periods \aiymg 
from forty to 116 days from the commencement of the treatment 

In two cases the feeding was stopped, but only when the symptoms 
were well marked ; there was no improvement, ami the animals died. 

The main conclusion arrived at is, that in monkeys thyroid feeding, 
if large doses are given, produces exophthalmos 
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“ On the Orientation of Greek Temples, being the Besults of some 
Observations taken in Greece and Sicil^ in the month of 
May, 1898 ” By F C. Pknrobe, M A, F.K.S., F.R I.B.A., &c. 
Keceived May 5—Bead June 15, 1899 * 

The Cabeium ’neat Thebes . 

My observations taken in 1892 were confirmed, and consequently 
the doubt which a correspondent at Athens had thrown upon the 
orientation of that temple* may bo dismissed. 

(ht graft 

For the orientations of the temples at Girgenti,t I had relied on 
some observations taken m 1885 by moans of the sun’s shadow and a 
plumb line, checked by data, given by various authoxities. This year, 
in the case of three of the temples, I was able to remeasure them by 
solar obsoivation with a theodolite, and also to obtain correctly the 
altitude of the eastern honzon, as seen from each of the temples, with 
the following results, viz..— 

The onentation angle of the Temple of Juno should bo 262" 36' 
instead of 264°, anrl the sun’s altitude when surmounting the eastern 
horizon should be 1° 45' instead of 0° 35'. The elements as recomputed 
are as follows, viz.:— 


Girgcnti. Latitude 37 u 18' 36". 


Name of 
temple. 

Orienta¬ 

tion 

angle 


Stellar 

elements. 

Solar 

elements 

Name 

of 

star. 

Temple attn* 

262° 36' 

A, amplitude of star 

+10° 33' E 

+ 7 c 24'E 



buted to 


or null 





Juno Luc mu 









B, corresponding alti¬ 

8° 30' 

1 45 


ClC 

a 



tude 




‘3 



C, decimation . 

+ 10° 15' 

6 49 


. 2 



D, hour angles. 

6 h 14“ 

7 h 21 m 


S 

-a 



K, depression of aim 

— 

11° 30' 


© 

C 



■when star heliacal 







F, K A.. 

23° 56' 

l h 3™ 


a 



(1, approximate date.. 

490 b.c. 

Ap 6 

• 

j 



This amended date of the temple’s foundation falls within the 
Hellenic occupation of the site, and very neatly at the culminating epoch 

• See 1 Phil Trail**,’ A, vol 190, 1897, p 46 
+ Samo vol, p 56. 
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of the city’s prosperity. If the sun’s depression had been taken at 
11°, the date would have been about 440 B.c. and if at 12° about 540. 
The depression at 11° 30' seems to accord best with the practice used 
in temples of comparatively late foundation * 

The Temple of Hercules, 

I found that the orientation angle of this temple agreed very closely 
with that previously given, but that the eastern horizon was higher, 
namely, 2° instead of 0° 35'; but if the solar depression be changed 
from 11° to 11® 54', the result of tho calculation will he the same, and 
the stellar elements and the date will remain unaltered. 


The Olympiemm, 

I found that tho orientation angle of the temple of Jupiter should 
be increased from 257° 35' to 258" 44', whilst the altitude of the 
eastern horizon has to be increased from O' 1 35' to 1° 55'. This will 
neutralize the effect of the alteration of the amplitude, and the stellar 
elements and the date (430 nr ) will remain unaltered. 

I obtained one additional example from an ancient si to in Greece, 
namely, the Temple of Neptune at Calauna in the Isle of Poros; the 
scene of tho last days of Demosthenes, who had chosen it for his 
placo of exile on account of its commanding a view of his much loved 
Athens from tho lofty ndge on which tho temple was built. The 
elements of the onontation are as below 


Calauriu Latitude 37° 31' 30". 


Name of 
temple. 

Orienta¬ 

tion 

angle. 


Stellar 

elements. 

Solar 

elements 

Name 

of 

star. 

Temple of 

247° 6' 

A, amplitude of star 

+ 26' Iff E 

+ 24s° 63' E 



Neptune 


or *uu 







B, rorreypomiing alti¬ 

+ 3° O' 

0 


£ 



tude 




* 



C, declination ...... 

+ 22° 21' 

+ 19 ll 30' 





D, hour anglos. 

C h 67 m 

8 h l m 


’1 



J£, depreMMou of sun 

— 

1 (f 





when star heliacal 




H 



F, R A. 

7 h 23 m 

gi. 27 m 


W 


* 

G, approximate date.. 

960 B e. 

July 27 




In the list of temples given in the samo volume, viz.: Vol. 190, 
p. 65, were ten examples of comparatively late date, and of most of 

* See p. 65 of rol. cited. 
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Athens. Latitude 37° 58' 20". 


Name of 
temple 

Orienta¬ 

tion 

angle. 


Stellar 

elements 

. . _ e 

Solar 

elements. 

Name 

of 

star 

Theseum .... 

283° O' 

A, amplitude of star 

-1° 7' E. 

- 10 p 46'E 

■> 



- 

or sun 







B, corresponding alti- 

6 ° 30' 

5° 6 ' 


bfi 



tude 







C, declination. 

+ 2 ° 80' 

-5° 17' 


„ S 1 



D t hour angles . 

6 h 42 ni 

7 h 12 m 


[ g" 



K, depression of sun 

— 

17° 30' 





when star heliacal 




m | 



F,KA. 

U h I9 m 

12' 1 49 m 





G, approximate date 

470 k c. 

Ooc G 



New Ercch- 

265° 9' 

4, amplitude of star 

+ 6 ° 30' E 

+ 7" 20 'K 


i 

theuvn 


or sun 




, 



B, corresponding alti- 

1° O' 

3” 25' 


? 1 



tudo 




g ! 



C, decimation ...... 

+ 10° 35' 

+ 7° 31' 


*_ i 



D, hour angles . 

6 h 13 m 

7 h 20 ™ 


■j i 



E, depression of sun 

— 

12 P 


c 1 



when star heliacal 




* 1 



F, R A . 

23 h 58 m 

i h ii” 


a 



G, approximate date 

445 B c 

April 9 

j 

_ 

Now Ercch- 


A, amplitude ofc star 

+ 1° 53' W 

+ 7” 30'E 

'i i 

theum con- 


or sun 




* i 

tinuod 


B, corresponding alti¬ 

3° O' 

3° 25' 


S i 



tude 







C, docluiation . 

+ 3° 20' 

+ 7° 31' 


* 



I), hour angles. 

6 h 55 m 

7 h 50™ 


\ 1 ■ 



E, depression of sun 

— 

14° 6' 


60 | 



when star heliacal 


I 


& ! 



F, K \ . 

21 h 3 m 

10 1 * 49” 


a 



(>, approxmiat .0 date 

150 B C 

Sept 2 

J 

| 

New temple 

255° 49' 

A, umphtude ol star 

+ 11 J 8 'E 

+ 14" U'E j 

> 

i 

of Bacchus 


or sun 





adjoining the 


B, correspond in g alti¬ 

3 y 50' 

3° 10' 


s 

earlier temple 


tude 




u I 



C, declination. 

+ 1 r 8 ' 

+ i 3 ° r 


. F»r i 



D, hour angles. 

b* 15 n. 

8 h 20 “ 


rj 1 



E, depression of sun 

— 

17° 22 ' 


i 



when star heliacal 







F, R A. 

0* 4« 

2 U 8 ,a 


9 



G, approximate date 

340 B 0 

Apnl 23 

J 


New temple 

270° 

A, amplitude of star 

-1° 13'W 

0° E. 



of Jupiter 


or sun 





Olympiua 


B, corresponding alti¬ 

3° 

4° 31' 





tude 







C t decimation. 

+ 0 ° 52' 

+ 2° 46' 





I), hour angles. 

6 * 48- 

7 h fi¬ 





E» depression of sun 

— 

ll 0 





when star heliacal 







F, B.A.| 

llh 33 ™ 

0 h 26- 





G, approximate date j 

174 b.o. 

March 27 
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Ephesus Latitude 37 J 56' 30" 


Name of 
temple. 

Orionta- 

tion 

angle* 


Stellar 

elemonts 

Solar 
eh monls 

Name 

ot 

Mar 

Temple of 

281° 35' 

A, amplitude of star 

-2 32'K 

-1L" O'K 

1 

Diana ax re- 


or huu 





built after 


B, corresponding niti- 

0" 

4" 63' 


bo 

the ftro 


tude 




5 



0, declination . 

■+r is' 

-5 lJ 35' 


2 



D, hour angles 

5 h :t.v° 

7“ 1"’ 


sf 



JK, depression of huh 


15 f * 30' 


0 



wlicu Mar heliacal 




c n 



F, R A. 

11" 25" 

12“ 51"' 





G, approximate date 

35o b c i 

Ott 6 




Tu this ease tho orientation follows the star, but with so considerable an increase oi 
amplitude that it would lnvio been ainilable for many centuries ns a warning 
star. 


which tho years of their foundation ate at least approximately known 
historically, and which wore shown to be conformable to tho genet al 
rule, but required a deeper depression of the sun,•than was sutbuent 
for tho distinct vision of the heliacal star. Of five of these examples 
I had not given tho elements, via The Thesouin, the Ulei Ercchtheum, 
the later Temples of Bacchus and .lupiter at Athens, and the gioat 
temple at Ephesus, as rebuilt after the lire. As the cases of some of 
these arc very interesting in an archeological point ot view, 1 hero 
supply the elemonts m tho same foim as before. 

With respect to the temple of Theseus at Athens, it appears to bo 
possible, proceeding from the approximate date given by the orienta¬ 
tion work, to arnvo at a much closer determination of the probable 
exact year of the foundation (or perhaps dedication) of the temple, 
and at the same time to confirm tho traditional namo of the temple, 
which has l>ccn much disputed What I have called tho tiadiUonal 
view is, that tho temple was built under tho influence of Cimon, who 
during his supremacy at Athens, in the year 169 oi 168 n brought 
from the Isle of Scyros tho supposed relics of Theseus. The hones of 
the hero were then interred at Athens with groat solemnity, and a 
temple or heroum was built over tho grave and an annual celebration 
was appointed, under the name Thcsoa, which lasted two or three 
days and commenced on tho seventh day of the month named Pyane- 
psion, a month which on tho whole agrees with our October, but (owing 
to the practice at Athons of commencing tho year with the new moon 
which occurred on or next after tho summer solstice), when we com¬ 
pare the two calendars, and reckon tho days of the month together, 
we find that they only agree together at intervals of 19 years—the 
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Metonic cycle. It is • therefore necessary to consult lunar tables to 
see in what year or years 7 Pyanopsion would agree with October 6, 
and the nearer to 470 n.c. this can be, the bettor it would also agree 
with the orientation date. 

The fiist Attic month was Hocatombaion having thirty days, in 
general agreement with July. 

Then Metageitmon having twenty-nine days, m general agreement 
with August. 

Then Boediomion having Unity days, in general agreement with 
September. 

After which Pyanopsion. 

The first three months with seven days of Pyanopsion numbors 
ninety-six <lays. Twenty-nine days of July with August, September 
and six of October also give ninety-six days. It follows that when the 
first of Hocatombaion agrees with the third of July, the seventh of 
Pyanepsion will represent the sixth of OctoW. 

This would have happened m 466 B c. and uot again until 447. 
The yoar 4G6, about three yoars subsequent to the recovery of the 
Thesemn relics, would have given timo for the building of the Naos 
of the temple, if not for its final completion , so that it may well have 
been the year of its dedication. On that year the astronomical com¬ 
bination would have been oxact (not but that on any year of the cycle 
the rising sun would havo nearly answered the purpose of the 
Thcsea celebration, though not quite so perfectly). Of the two years 
above named which would havo satisfied this condition, the earlier 
seems preferable, firstly on architectural grounds (derived chiefly from 
the gi eater spread of the capital of the column, compared with that of 
the Faithonon, which was commenced about the later of the two 
dates), and secondly, there is no record of Pericles, who was at that 
time the guiding spmt m Athens, having built a great temple in the 
lower city. If tho earlier date bo correct, the conclusion appears in¬ 
evitable both from its combination with tho Thesian relics m 469, and 
from its connection with the Thesea year after year, that the temple 
has been rightly named by tradition. 

The orientation of tho new JSieehtheum corresponds with two of the 
principal Attic festivals, and also otters a suggestion of the exact year 
of its foundation or dedication. This is not drawn from tho vernal 
flunnao, of which I have given elements in combination with a star; 
but from tho autumnal return of the sun to the same declination, 
heralded by a Pogasi, which took place, touching the northom edge of 
the eastern incolumiuum on September 2, and parallel with the axis 
on September 7. In the year 447, when the 2nd of September would 
have agreed with the 2nd of Boedromion, and the 7th September 
with the 7lh of the same month; the former date would have 
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been that of the great feast of the Nicotoria in honour of Minerva’s 
contest with Neptune for the protectorate of Athens, and the other, 
the annual celebration of the Marathon victory. 

As respects the year 447, which is one year earlier than the supposed 
commencement of the Parthenon, it seems appropriate because at that 
time Pericles would have been supreme? and it is likoly that a temple 
of such sanctity as the Ercchthcnm would have called for his eailicst 
attention. It is true that tho temple remained long unfinished, but 
of the causes of this delay wo aro ignorant. The connection however 
of tho oriontation with tho feasts above mentioned would have been 
exactly tho same if the date had been 428 

Tho apparent discrepance between the orientation date (as respect 
tho day of the month) in the case of the Temples of Jupiter Olympius, 
and that which is supposed by Mommsen to havo boon tho day of 
tho celebration of the great feast to the supreme god (namely 
Munychion 19, tho tenth month of tho year, which in a general way 
corresponded with April), whereas tho orientation dates gi\o for the 
rarhor temple March 30-31, and for tho later March 27, is explained 
by tho possibilities of the Me tonic cycle, for when tho Attic year 
began as it would in its course on July 11, the 19th Munychion 
would agree with March 30, or if July 8 with tho 27th of March. 


" Collimator Magnets and tho Doteimination of the Earth’s Hori¬ 
zontal Magnetic Force *’ By C. Ciiree, Sc D., LL.1) , E.II.S , 
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43—50. 

§ 1. The present paper deals with magnets omployed in measuring 
declination and horizontal force. More than 100 collimator magnets 
of English make have been examined at Kew Observatory, and the 
record of the results forms probably a unique mine of information. So 
far as I know, the only use hitherto made of this has been in the com¬ 
pilation of a statistical paper on the mean and extreme values of tho 
temperature and induction coefficients by tho late Mr. G. M. Whipple.* 

The examination of a collimator magnet at Kew Observatory con¬ 
sists mainly in the determination of certain " constants.” These are 
the "temperature coefficients” q and qf, the "induction coefficient” /*, 
and the " moment of inertia ” K. 

The values found for these “ constants ” are utilised in the construc¬ 
tion of tables, intended for reducing the observations of horizontal force. 
After the tables are constructed one or two observations are made. 
Their primary object is to ensure that the application of the tables 
leads to satisfactory results, and that there are no instrumental defects; 
but incidentally they afford the means of determining tho magnetic 
moment, m, of the collimator magnet, and also the value of a “ constant,” 
P, appearing in the expression 

2 mwi'V -8 (1 + Pr~ 2 ) 

for the couple exerted by the collimator magnet on an auxiliary magnet, 
moment m \ at distance r. Tho investigations described in the present 
paper have been prosecuted at intervals during the last five years, as 
the pressure of other work allowed. Their object has been twofold, 1° 
to find out whether any relationships exist between the several con¬ 
stants, and 2° to ascertain where our present knowledge wants 
amplification, and where the present tests are least satisfactory. 

I shall first explain the real significance of the "constants,” and 
describe briefly the method of determining them. 

§ 2. Temperature Coefficients. —It is assumed that the magnetic moment, 
m , at a temperature of F C., the magnet being free from external force, 
is connected with the moment m at 0 9 C. by the relation 

rtCjm =* l -qt-q’P . (1), 

where q and gf are absolute constants for the magnet concerned If (I) 
* *Boj. Boo . Proo., 1 rob 26, p p. 218—223, 1877i 
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be taken for granted, q and q ' can l>e determined by olwerving m* at any 
three convenient temperatures. These temperatures, as the experiment 
is conducted at Kew Observatory, lie usually within a degreo or two of 
0 °, 18°, and 36° C. Magnets, however, destined for Arctic work are 
exposed to a temperature below O 9 C, while magnets destined for 
tropical regions are exposed to a temperature over 40° C. 

The changes of temperature are made rapidly by introducing hotter 
or colder water into a wooden box containing the collimator magnet. 
Changes in the moment of this magnet, accompanying observed changes 
in the temperature of the water, are deduced from the variations in 
azimuth of an auxiliary magnet, freely suspended at a fixed distance 
from the deflecting magnet. In a single experiment, the cycle of 
temperature “ hot,” u mean,” “cold ” is repeated three times, and tho 
mean of the three observations at each temperature is used in the final 
calculation. It is customary to have two completely independent ex¬ 
periments on different dAys, and to take tho arithmetic mean of tho 
values deduced for q and <( on tho two occasions. The exact times arc 
noted at which the several readings are taken, and smtable corrections 
are applied from the readings of the magnetic curves for variations in 
the horizontal force and declination. 

§ 3. Induction Coefficient —This is denoted by /*, and really means 
the temporary change in the magnetic moment of the collimator magnet 
due to unit change in tho field (parallel to the magnet's length), it 
being assumed that the relation between temporary moment and 
strength of field is linear 

Tho experiment* consists in observing the angles through which an 
auxiliary magnet is deflected out of the magnetic meridian by the 
collimator magnot, tho latter being vertical, with its north polo alter¬ 
nately up and down. Tho vortical plane through the centres of the 
deflecting and deflected magnets is perpendicular to the latter's axis, 
but the centres of the magnets aro not in the same horizontal plane. 

The change in the inducing field being double the intensity of tho 
Vertical force at Kew is nearly 0’9 C.G.S. unit. As a rule, only one 
Complete experiment is made, but this involves inverting and roinvert- 
ing the magnet several times. Originally p was measured in British 
Units, so that conversion into C.G.S. units was necessary in many cases. 

§ 4. Moment of Inertia, —This means tho moment of inertia of the 
magnet and all its appendages, when at a temperature of 0 C., about 
the suspending fibre. A collimator magnet is a hollow steel cylinder, 
about cm. long and 1 cm. in external diameter, with screws cut on 
its inner surface at both ends. The appendages consist of two small 
oells, one holding a lens the other a glass scale, screwed into the 

• A special apparatus is employed whose description would occupy undue space. 
The method is practically that described on pp. 151-3 of Lamont’s 1 Handbuoh dee 
Erdmagnetumus.’ 
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ends of the magnet, and of a brass stirrup arrangement which carries 
the magnet and affords the means of supporting, parallel to it, an 
auxiliary solid brass cylinder. This brass cylinder is a regular geo¬ 
metrical object, whose moment of inertia can be calculated from it* 
weight, length, and diameter. The actual inertia experiment consist* 
in observing the times of vibration of the magnet, under the earth’* 
horizontal force, when the auxiliary bar is in the stirrup, and when it 
is removed. To reduce tho possible effects of variation in force or 
temperature, four complete series of vibrations arc made, the first and 
fourth without, the second and third with tho auxiliary cylinder. 
Allowance is made for tho departure of tho mean temperature from 0° Cu 
It is customary to make two independent determinations of the moment 
of inertia, usually on different days, and in the event of serious dis¬ 
crepancy a third experiment is made In all the older experiments 
conversion from British to C G S units was necessary. 

§ 5. Coefficient P.—The meaning of this has been already explained 
generally. I need only add that m the deflection experiment the axes 
of the two magnets are perpendicular, and tho centre of the deflected 
or, as it is called, “ mirror ” magnet lies on the axis produced of the 
collimator magnot. Tho general expression for the couple exerted in 
such a symmetrical position, tho centres of the magnets being at distance 
?, is 

2wm , r 3 (l+P/“ 2 + Qr< + . ... ), 

where P, Q, ....are constants, whose values depend on both the 
deflecting and deflected magnets. As r increases, the terms involving 
the higher negative powers of r tend to vanish relative to the first 
term; and in tho present case it is assumed that the term involving P 
is the last that nood be retained. When this is true we can determine 
P by comparing tho couples answormg to any two different values of 
r. The distances originally adopted at Kew Observatory when British 
units were employed were 1 foot and 1'3 foot; tho distances now in 
use arj 30 cm and 40 era. For several reasons, I have recorded tho 
value not of P but of P// 2 at 30 cm., allowing in cases where British 
units hod lieen used for the small difference between 30 cm. and 1 foot. 

§ 6. Tho number of makers of collimator magnets is not large, 
and the differences botwoen the patterns are mostly small. Still 
it seemed undesirable to wholly disregard tho differences that 
unquestionably exist Accordingly, in summarizing tho results con¬ 
tained in the Observatory records, I have divided the magnets into 
six groups, distinguished by tho letters A to F. Four of the groups, 
A, B, C, and E, contain magnets from one maker only, and are presum¬ 
ably fairly homogeneous. Group D is tho most miscellaneous, contain¬ 
ing magnets by three if not four makers; group F contains nngnota 
from two makers only. 
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Table I gives the mean values of the various quantities specified for 
the several groups ; while Table II gives the extreme values. 


Table I.—Mean Values. * 



Num¬ 
ber in 
group. 






10 s x P/r* at 30 om. 

Group. 


m. 

10* ? 

ioy. 


When +. 

When - 

X _ 








r 7 

N um¬ 
bo r. 

Meiin 

value 

Num¬ 

ber 

Mean 

value 


7 

8532 

921 

328 

120 

6-70 

4 

281 

3 

293 


12 

2767 

672 

257 

119 

6 03 

0 

_ 

9 

430 


82* 

2755 

873 

349 

144 

6 64 

40 

843 

31 

354 


12 

2657 

85 i 

302 

131 

6 43 

4 

918 

7 

290 


10 

2520 

837 

349 

156 

7*56 

10 

655 

0 

— 

F 

7 

1667 

633 

360 

139 

3 71 

4 

545 

0 

— 

Totals 

1 










and 

means 

1130 

2711 

840 

335 

140 

5 85 

62 

762 

50 

361 


Tablo II —Extreme Values. 


Group. 


m 

10*7 

10*7'. 


lTxr/r 

When -r 

at 30 cm 

When — 

. Jm nx. 

3741 

1142 

510 

185 

8 27 

374 

447 

A \ mm . 

3037 

653 

180 

23 

4'30 

64 

353 

■a f max. 

3184 

790 

359 

224 

7 07 

— 

688 

1 mm . 

2334 

481 

211 

n 

5 31 

— 

121 

max. 

! 3072 

1115 

764 

312 

6 88 

2529 

1488 

0 \jnin. 

2183 

462 

107 

19 

4 19 

30 

10 

n /. 

2825 

1197 

087 

261 

11 89 

1775 

619 

® l mm. 

2352 

605 

ies 

51 

4 23 

520 

122 

« f max. 

2658 

906 

870 

332 

7*79 

1188 

— 

\ min . 

242J 

723 

32 L 

82 

7 02 

173 

— 

u / max. 

1753 

111 

004 

339 

4 81 

613 

— 

2\mn . 

1600 

451 

273 

35 

2*57 

383 



Data were wanting for P in the case of eighteen out of the 130 collima¬ 
tor magnets, and there were no data for K in the case of three magnets, 
all of group C. In these twenty-one cases m was calculated from the 
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recorded value of the angle through which the magnet deflected an 
auxiliary magnet at a distance of 1 foot, that being a quantity deter¬ 
mined in the induction experiment. Old magnets, when remagnetized 
and retested, have boen treated as new magnets and counted separately. 

§ 7. The discussion of Tables I and II would have been much simpli¬ 
fied if one had possessed a record of the weight and dimensions of the 
collimator magnets themselves. It is not, howover, customary to 
measure these quantities at the Observatory, as they in no way enter 
into the tables used in reducing tho observations. 

The only data at my disposal, bearing directly on these points, are 
the results of special measurements recently made on six magnets, 
three belonging to group C, and three to group E 

The results were as follows, the numbering being purely arbitrary; 
the lengths are in centimetres, the weights in grams .— • 

Table III.—Dimensions and Weights of specimen Magnets 


Group 

Magnet. 

Length. 

External 

diameter 

Internal 
diameter 
at end 

Weight 

magnet 

W eight 
append¬ 
ages. 



cm 

cm 

tin. 

grams. 

gram*. 

1 

l 

9 *36 

1 00 

0 81 

27-83 

— 

c J 

ll 

9 30 

1 00 

0 80 

28 11 

— 

1 

ill 

9*30 

1 00 

0 80 

30 -20 

26 28 

l 

Mean 

9 32 

1 00 

0 80 

28 55 

— 

f 

IT 

9 18 

1 055 

0'815 

25 *21 


K J 

V 

9 12 

1 055 | 

0 815 

25 64 

— 

1 

T1 

9*13 

1 03 

0'80 

26*02 

82 '41 

l 

Mean 

9 14 

1*06 

i 

0*81 

25 62 

— 


The specific gravities found for two of the magnets were approxi¬ 
mately equal, the mean being 7*67 

From this we conclude that in both groups of magnets the wall 
thickness is loss at the extreme ends, whore an internal screw is cut, 
than elsewhere; the mean internal diameter deduced from the data 
being 0*70 cm. for the magnets of group C, and 0*77 cm. for those of 
group E. Tho actual volumes of steel in the two cases were respec¬ 
tively 3*72 and 3*34 c.c. 

There has been but little variability in tho length or external 
diameter of tho magnets of any one group; the volume howover, if we 
may judge by Table III, is somewhat moro variable., We should have 
more exact information on the point if K meant the moment of the 
magnet alone, but as matters stand, our conclusions are exposed to some 
uncertainty. The appendages, as we soo from Table III, weigh about 
as much as the magnets themselves, their main mass lies however 
nearer to the axis of rotation. In fact, according to the measurements. 
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made on the special magnets the appendages contribute only from 25 
to 30 per cent, of the valuo of K. 

Again, the size of the appendages is determined mainly by that of 
the auxiliary brass bar, which according to the Observatory records is 
nearly constant for magnets of the same make. It is thus improlwible 
that variations in the appendages exercise a large influence on the 
values of ir 2 K in the several groups 

§ 8. Taking all the data into consideration, I conclude from Table I, 
that the magnets of group A arc on the whole distinctly the largest, 
and those of group F very distinctly the smallest, that the other four 
groups are very fairly similar in this respect, though the average 
magnet of group E is almost certainly a tnflo smaller than that of 
groups B and C. The variability in size was really one of my princi¬ 
pal reasons "for grouping the magnets The values of m and /t should 
increase, wtm* panfms , with the size of the magnets, and an analysis 
which overlooked the difference between groups A and V might well 
prove misleading. So far as individual groups are concerned, I do 
not think that the neglect of possible variations m the sizo of the 
magnets is likely to prove serious. My reasons for this opinion are 
partly Itased on phenomena discussed later in jg 15 and 1G. 

§ 9 Before proceeding further, a second source of uncertainty must 
he noticed The moment of the residual magnetism in a magnet is 
not determined sololy by the magnetic quality of the steel, it depends 
on the conditions under which magnetisation took place, on the time 
elapsed since that event, and on the usage to which the magnet hits 
been exposed. 

In the present case I have strong reasons to think that the very large 
majority at least of the magnets wore magnetised under a nearly uni¬ 
form set of conditions Until quite lately it was the invariable 
practice to magnetise all the magnets at the Observatory itself, and the 
same coil with similar battery power baa been in use for the last forty 
years. The magnet is not placed inside the coil, but is stroked in a 
uniform way on the end of a very massivo slightly projecting iron core. 
The capacity of this core to hold out a heavy pole piece has lieen re¬ 
garded as a criterion of the lottery being in proper order; and as 
apparent “ saturation" is reached in an ordinary collimator magnet 
with the battery below standard condition, the test, though a rough 
one, appears fairly satisfactory. 

There is a variety of indirect evidence as to the uniformity of the 
conditions. For instance, the dates of magnetisation of the ten magnets 
of largest m in group C, arranged in descending order of magnitude, 
were as follows :—1884, *66, 79, 73, '95, '84, '83, '94, 75, '89, '68. 

As regards possible loss of magnetic moment, the magnets, with one 
or two probable exceptions, had all been magnetised but a short time 
before m and the various “ constants ” were determined. 
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§ 10. Magnetic Moment .—Taking into account the variability in size 
which we have decided to exist, it would appear from Table I that the 
capacity for assuming permanent magnetism has been nearly the same 
in tho four groups A, C, D, and E ; but the magnets of group B have 
been distinctly loss recoptivo than the others. It is difficult to say 
exactly how the magnets of group F stand. They are clearly much 
below the average size, and their mean m is at least as largo compared 
to tho means in the other groups as one would expect from a compaii- 
son of the mean moments of inertia. 

Table II shows the variability of m to have boon much greater in 
each group than that of K. 

The great variability in m is noteworthy, because when m is small, 
corrections for torsion, temporary induction, <fce, increase in relative 
importance. 

It has been tho practice of late years to reject magnets showing 
exceptionally small magnetic moment, but the data from such rejected 
magnets are not included in Tables I and II. 

§ 11 Tempeuituie Coefficient*. —Out of the whole 130 magnets the r e 
was not a single case in which tho aiithmetic mean of the values found 
experimentally for q was negative. Thus within tho experimental 
limits, say 0° to 3G d C , the rate of change of magnetic moment with 
temperature invariubly increased with the temporaturo 

The mean value for q in groups C, E, and F, is practically identical, 
and is very distinctly larger than the mean values for groups B and D. 
Group B is specially remarkable for the smallness of the temperature 
coefficients; in fact, the largest value of q found m a magnot of this 
group is very little greater than the mean value in groups A, C, E, 
and F. 

Tho mean value of q' is fairly similar for the different groups, but 
groups A and B have somewhat smaller values than the others. 

The variability of both q and q is, as wo see from Table II, very con¬ 
siderable in all tho groups except E, where q varies but little. The 
term q't 2 is in general small compared to the term </£, and consequently 
the probable error in the determination of q' is large. The variability 
of q may for this reason be somewhat exaggerated in Table II. 

§ 12. Induction Coefficient .—As explained above, ft is the product of 
the volume of the magnet into its permeability, as determined by 
leversing a Held of about 0*44 C.G.S. unit, the magnot being possessed 
Of a large permanent magnetic moment. 

Table I shows that the size of tho mean /x in the first five groups has 
little relation to the size of the mean m. This is significant, because /* 
and m should vary in tho same way with the volume of the magnet 

At the same time, the exceptionally small volume undoubtedly 
possessed by the magnets of group F is almost certainly the cause of 
the small /a found in that group; and wo shall probably be correct in 
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concluding that the larger mean p possessed by group A as compared 
to groups B, C, or D, is due to the possession of a larger volume by the 
first-mentioned group. The pre-eminence of the mean /x of group E is, 
however, explicable only by supposing that the magnets of that group 
possess a considerably larger permeability than the others; and this 
larger permeability, as we see from Table II, is a pioperty not of one or 
two magnets, but of the whole group. 

On the whole, as Table II shows, /* is much less variable in the 
several groups than q or q. 

The greatest recorded value of viz , 11 89, occurs in group D. I 
feel, however, some doubts respecting this and a second large value, 
9*72, found for a second magnet of the same group. The two magnets 
for which these values are recordod were tested in 1864; and one of 
them, when rotestod many years afterwards, had a fx less than 7. If wo 
excluded these two magnets, we should find for group D a mean /x much 
the same as that of group C. 

§ 13. Coefficient P.—In about half tho cases P was determined from 
only one observation, and under such circumstances the probable error 
is considerable. Still I do not think that the mean values given in 
Table I can be much in error. It will bo noticed that no magnet of 
group B gave a positive P, and that no magnet of groups E or F 
gave a negative P In groups A, C, and D, positive and negative values 
occur in fairly similar proportions; but investigation showed a great 
predominance of negative values amongst tho older magnets of group 
C, while in group D no positive value appeared in the six oldost mag¬ 
nets. As pointed out m § 5, P depends on tho deflected or mirror 
magnet as well as on tho collimator magnet, and I am inclined to ascribe 
the interesting difference between older and newor unifilars mainly to 
change m the pattern of the mirror magnets (see § 46 later). 

As appears from either Table I or Tablo II, F when negative is 
usually numerically smaller than when positive. When an observer 
employs a umfilar strange to him the probable error in P is doubtless 
larger than when the instrument is one to which he is thoroughly 
accustomed, and it would not bo unreasonable to attribute to this 
cause some of the large values recorded in Table II. It happens, how¬ 
ever, that three of the largest values of P m group C wore each based 
on three independent observations. Tho results of the individual 
experiments were as follows, the numbering being purely arbitrary :— 


Umfilar. 

i. 

li. 

in. 


f +2415 

*1439 

+ 1031 

Value* of 10 1 x P/r 8 at 30 cm. 


-1917 

+ 878 

1 +2303 

-1107 

+ 904 
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The probable errors in the mean values found in these three oases 
are certainly sensible, but still they form only a comparatively small 
percentage of the value of P. Certain drawbacks attending large values 
in P are dealt with later. 

§ 14. A general survey of Tables I and II shows merits and demerits 
in most of tho groups of magnets. Thus in group B the tomperature 
coefficients are exceptionally small, but on tho other hand tho magnets 
are somewhat weak. Again, in group E tho magnets are exceptionally 
uniform in quality, but they possess exceptionally large permeability 
for temporary magnetism. 


Relationship s between Magnetic Constants, 

§ 15. In attempting to determine the existence or non-existence of 
relationships between the magiu tildes of tho several magnetic constants, 
one naturally turns first to the large group C. To determine whethor 
the size of tho permanent magnetic moment influenced tho other quan¬ 
tities, I arranged the eighty-two magnets of the group in sub-groups as 
below, and found the mean values of the several constants for each. 


Table IV.—Analysis of Magnets of Group C according to Magnetic 

Moment. 


Value of » 

Numlwr In sub¬ 
group 

Mran 

m 

Mean 

ir*K 

Mean Mean 

Moan 

Mean m 
Mean p 


10*y 

icy. 



>1000 

11 

1044 

3812 

340 

140 

5*90 

175 

1399 

481 

1000 to ftV) 

10 

973 

2745 

813 

143 

5-58 

170 

884 

304 

wo „ 900 

11 

921 

2702 

331 

ia*i 

5*73 

1«1 

849 

188 

000 „ 875 

0 


2750 

S6B 

149 

5*61 

158 

628 

280 

875 „ 8^0 

12 

802 

2809 

353 

144 

5*05 

153 

859 

680 

850 „ 800 

10 

827 

2720 

300 

147 

5'43 

152 

013 

350 

800 „ 750 

10 

779 

2791 

305 

150 

5 57 

140 

767 

257 

<750 

0 

C53 

2684 

43S 

137 

5 *58 

117 

472 

298 


It is only natural to expect a sensible departure between tho means 
of any single property in a sub-group of ten magnots and in a whole 
group of eighty-two magnets, supposing the sub-group selected by pure 
chance. Bearing this in mind, we must, I think, conclude that no clear 
relationship exists between the valuo of in and that of K, q, qf, or /*. 
The absence of apparent connection between m and 7r a K seems strong 
evidence of the comparatively small variability in the actual size of the 
magnets. Tho fact that p is nearly, if not quite, independent of m is 
important, because it is expedient ceteris paribus that m/p should be as 
large as possible. If g t q\ or p had shown an appreciable tendency to 
vary with m we should have been led to suspect, as A prion probable, a 
tendency to alteration in these constants as the magnet grew weaker 
with age. The absence of any apparent connection of the kind is not, 
however, proof positive that no such tendency exists (see § 37 later). 
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§ 16. I next arranged the eighty-two magnets of group C in sub¬ 
groups, according to the value of /x, with the following results:— 


Table V.—Analysis of Magnets of Group C according to Size of 
Induction Coefficient. 


Value uf fjL 

Numlier In sub¬ 
group 

Mean 

M* 

Mr nil 
w 

Mfan m, 
Mf an p 

Mean 

jr"k 

Mean 

10^ 

Moon 

ioy 

Mean 10>x !>;*». 

When + 

When - 

>0 

as 

6 

88*1 

140 

2702 

433 

100 

800 

359 

fl to ft 5 

2i | 

ft *71 | 

808 

357 

2701 

.I34f | 

m 

001 

24ft 

6 ft M ft 

10 

ft 25 

854 

1<U 

27W1 

204 

na 

7V| 

241 

ft „ 4 

13 

4-SO 

837 

3 7i» 

J774 i 

2M , 

148 

787 

wu 


There is here no trace of a connection between /a and K, which sup¬ 
ports tho conclusion drawn from the absence of apparent connection 
between m and K. There is probably a slight tendency when /x is very 
decidedly below tho mean for w to l>e slightly low, but the tendency 
in m//x to increase as /x diminishes is conspicuous 

The large value for P, when negative, when /x lies botween 5 and 4 
has no real significance, tho mean being based on only two magnets. 
The one clear and important relationship brought out by Table V is 
between jx and q Largo values of these two constants unquestionably 
have a tendency to occur together in the magnets of group C Out of 
the twenty-six magnets whose p exceeded G, no less than eighteen had 
a q above the mean ; while of the thirteen magnets whose /x fell short 
of 6, only two had a q above the mean As the result seems important, 
I submit the following analysis, showing tho distribution of the different 
values of /x in group C .— 


Table VI. 



10*? - 160 

200 

250 

300 350 

400 

500 

600 

700 

■ 

All valuea.... 

. 4 

11 

17 

19 13 

7 

8 

1 

2 

From 7 to 0.. 

. 0 

2 

3 

3 0 

4 

6 

1 

2 

>, 6 „ 56 

,, 6*6 „ 6 .. 

. 2 

3 

3 

7 6 

2 

2 

0 

0 


3 

6 

6 2 

0 

1 

0 

0 

» 6 „ 4.. 


3 

5 

4 O 

1 

O 

0 

0 


The table is to be read thus: Of the eighty-two magnets, four had a 
value of between 150 and 200, and of thoso, two had a /x lying 
betwoen 6 and 5*5, while two had a /x lying between 5*5 and 5. 

Table VI certainly supports tho conclusion drawn from fable V. 

As a further check on this conclusion, I arranged tho eighty-two 
magneto in two sub-groups, according as q was above or* below tho 
mean, with the following result;— 
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Table VII. 



Number 
in sub¬ 
group. 

Moan 

Moan 


Mean m. 

Mean-10* xP /*■». 


lU rt y 

ioy 

to in (a 

r~ 

T7hen +. 

When- 

Above mean ... 

33 

457 

160 

& 94 

873 

864 

303 

Below mean .., j 

49 

276 

133 

6 *43 

873 

830 

887 


Table VII, like the two previous tables, points to some connection 
between large values of /i and q . Out of the first twenty magnets, the 
arrangement being in descending order of y, only two had a value of /* 
IksIow the mean for group C 

The association of large values of /x and q in group C is not, how¬ 
ever, without some conspicuous exceptions, for instance, the magnet 
coming eighteenth in the list just referred to had a jx of only 4 71 

§ 17. There aro several other interesting features in Table VII; e.g. f 
only about two-fifths of the magnots had a q above the mean. Again 
the fact, partly accidental of course, that the two subgroups should 
have precisely the same moan m is strong evidence that in the magnets 
of group C the size of the principal temperature coefficient is inde¬ 
pendent of the capacity of the steel to retain a largo magnetic moment. 

The mean y' of tho first sub-group of Table VII is distinctly larger 
than that of the second sub-group, but tho evidence of a tendency in 
large values of q and q' to go together is not wholly conclusive. Thus 
out of the thirty-three magnets whoso q exceeded tho mean, fourteen 
had a </ below the mean ; and two of these fourteen had tho largest y’s 
of the group. Tho force of such notable exceptions is weakened, how¬ 
ever, by the consideration that an experiment which makes q slightly 
too big is more likely than not to make q considerably too small. 

§ 18 Groups B and E are tho only ones beside C which aro suffi¬ 
ciently numerous and homogeneous to merit analysis. In the two fol¬ 
lowing tables I give the results obtained by subdividing each of these 
groups into two numerically equal sub-groups, according to tho size, 
first of m, second of /a. 


Table VIII.—Mean Values of Constants in Sub-groups. 



Sub-group 






Meon m. 

10* x F/r*. 

■Group. 

in order 

m. 


10*j 

ioy 


Moan /a. 


of m. 







B { 

First 6... 

759 

2850 

273 

135 

6 *10 

124 

-476 

Second 6. 

584 

2635 

241 


6 96 


-395 

E { 

Hirst 6... 

883 

2529 

336 

162 

7-56 

117 

+ 737 

Second 6. 

791 

2511 

362 


7*66 

105 

+ 672 
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Table IX.—Mean Values of Constants in Sub-groups. 



Sub group 



Mean m. 

w’K. 

Kfq 


10 s x F, r ? 

Group. 

in ordor 
of /*. 

M- 

m 

Mean fi 

ioy 

B { 

First fl... 

6*48 

674 

104 

2929 

256 

141 

-487 

Second 6 . 

6*68 

6G:> 

120 

2606 

257 

96 

-385 

. s 

First 5... 

7*70 

860 

112 

2575 

315 

141 

+ 909 

E | 

Second 5 . 

7 43 

815 

i 

110 

2465 

353 

171 

+ 401 


Values of P were wanting for three of tho twelve magnots of 
group B 

In one respect Tables VIII and IX unquestionably agree with tho 
results established for group C , they show a distinct tendency in jh/(l 
to bo large when m is large There is, however, in Tablo IX no asso¬ 
ciation of large values of fi and <y. In the case of group B there is an 
apparent association of largo values of both in and /a with largo values 
of K, suggesting that tho size of the magnets has exerted a slight but 
sensible influence. In the case of group E tho differences betwoon tho 
various magnets aro so extremely small that we could hardly hopo to 
detect any relationship that was not vory intimate and potent. 

Tho previous part of the paper has been mainly historical and 
descriptive, it remains to consider tho subject from*a more critical 
standpoint. 

Piobable Enois in Deterruination of Horizontal Force due to Earns in 
Values of “Constants” 

§ 19. Let us first assume that the methods of determining tho 
“constants” and the formula? employed in calculating the horizontal 
force are alike above suspicion, and investigate on this hypothesis tho 
uncertainties introduced by the probable errors m the values found for 
the several “ constants.” To do this, we mnst consider tho formulas. 
The notation not .already explained is as follows :— 

X = horizontal component of magnetic force, 

Ti = semi-period of vibration, corrections having boon applied, if 
necessary, for rate of chronometer and for finite arc of 
vibration; 

© = torsion couple, during vibration experiment, when torsion 
angle unity; 

u = deflection angle, during deflection experiment, when r distance 
apart of magnets’ centres; 
t « temperature during vibration experiment; 
f w „ „ deflection „ 
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For clearness, I shall in what follows suppose r to be 30 cm., that 
being the smuller of the two distances now adoptod generally. 

X is deduced by combining the two formulae—* 


v f- © . , i0 2 /a cosec tn -1 

wX - TV V 1 } . 

wi/X = (l-?j|l+^ + 9i’ + 2T 2 }jr» 8 intt . 


( 2 ), 

(3) 


whenco we havo— 


X 2 - 


it 2 K . 2 r~ a cosec u (1 - P/r 2 )^ 1 Ti 2 ^ 

{ l+ 7ik~ ql ~ q{1 + $ c “) ( 1+ ^ +qt ' +qi " 2 ) 


Suppose 8 K, fy., &c., to represent the errors in the values ascribed to 
K, /a, &c. Terns in ©, /a, 7 , 7 ' in the denominator of the expression 
for X 2 aro always small compared to unity, and may for our present 
purpose be neglected in the coefficients of 8 /a, 87 , &c. In this way wo 
easily find for the consequent error 8 X in X:— 


8 X 

X 



«P 

? 2 


„ (1 + cosec u) t-t' 

^ 


{«?+(/+ OW-i*(zg) 
. ( 8 ). 


From (5) we see noteworthy differences in the consequences of 
errors in the different “ constants.” 

In the case of K it is not the absolute size of the error that counts, 
but the ratio it beare to the size of K; while in tho case of P, /a, and 
the temperature coefficients it is the absolute size of the error that 
counts. In all cases 8 X increases with X, so that the absolute effect of 
a given error in any one of the 11 constants ” is greater where the hori¬ 
zontal force is largo than where it is small. 

§ 20 . In estimating the probable errors in the several constants, I 
have confined my attention to the cases in which the accepted results 
were based on two, and only two, experiments. 

If 2 8y be the difference between the values given by two experi¬ 
ments for a certain quantity, the probable error in the arithmetic mean, 
y, of the two determinations is 

ty' = &yx 0*6745. 

In many instances the value of a “ constant ” was based on only one 
experiment. In such cases we may reasonably assume that the single 
experiment was, on the average, neither better nor worse than die 


* Of. Stewart and Gee's 1 Elementary Practical Physios/ vol. 2 , pp. 208, 807, * 0 ^ 
allowing for difference of notation. 
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average experiment which formed one of the couple usually made. 
This would give for the probable error in the value of a “constant” 
based on one experiment only, the value 

V = ( 2 )%", 

where &/' is the arithmetic mean of the prolwible errors found in 
the cases where two experiments were made. 

In the few cases whore constants were based on three independent 
experiments, one could, of course, have calculated the probablo errors 
Sy"', and found their mean. The number of such cases appeared, how¬ 
ever, too small to give a satisfactory mean value 
§ 21. Taking first the moment of inertia, I examined sovonty-one 
cases in which two independent determinations had boon made. 
Employing 2SK to represent the difference between the two observed 
values, whose arithmetic mean is K, I found 

Mean SK/K = 0*00041, 

The corresponding mean probable error is given by 
SK'VK - 0 000277, 

and answering to this the probable error in X is 
SX = 0*000138X. 

Ascribing to X the value 0*18 CGS. unit—which is not far from 
tho prosont meftn valuo in Great Britain—we should have 

5X — 0 000025, approx. 

Taking the same value 0*18 for X, I also determined tho law of inci¬ 
dence of the probablo error in the seventy-one cases examined. 

Tho results wero as follows :— 



Tublo X. 

ro 0'6 

1 

2 

3 

4 greater 

(Prob. error) x 10 5 between ^ 

1 

1 0*5 

i 

2 

3 

4 

than 

5 5 

Number of magnets. 

18 

8 

13 

14 

4 

6 8 


As measurements of horizontal force are usually taken to 1 x 10~ s 
O.G.S. unit, we see that error in the moment of inertia may be 
expected to affect the last significant figure, in these latitudes, in fifty- 
three cases out of seventy-one, or practically in two cases out of three. 
In one-ninth of the total number of cases the probable error in X shown 
by Table X reached or exceeded five units in tho last significant figure. 




390 Dr. C. Chrea Collimator Magnets and the 

Also it must be remembered that in equatorial regions X may be double 
the value assumed in Table X, and that 8X in this case varies direotly 
as X. 

§ 22. The number of instances whore two observations had been 
made of were fewer; I examined forty-one of these in all. 

Representing by fyi and 5/x" the moan of the semi-differences botwoen 
the two observed values and the mean probable error respectively, I 
found 

- 0*198, V' = 0*134. 

The corresponding probable error m X, treating r as 30 cm., is, 
irrespective of sign, 

fiX = X (1 + cosec it) (30)~ 3 x 0 134, 

= 5 x 10“ 6 X (1 + cosec u) t approx. . 

This is troublesome to deal with, because cosec u depends both on X 
and on the magnetic moment. As a first approximation wo have in 
fact 

coscc u ~ £ x 30 3 /2m. 

To get an idea of tho probable error arising from error in p, suppose 
X => 0 18, as at Kew, and m ~ 840, as m the average new collimator 
magnet. This gives 

cosoc u — 3, approx. 

fiX -= 0*000004, approx. 

Thus when there are two observations of n the probable error will in 
the average case fail to affect tho last significant figure, supposing X 
measured as usual to 1 x 10" B C G.S. 

Of course in a good many individual cases tho probable error in /a, 
determined from two observations, was sufficient to affect tho last 
significant figure at Kew. More often than not /a has been derived 
from a single experiment, and in the majority of such cases wo should 
conclude that the prolmblo error was large enough to affect the last 
significant figure in X, measured at Kew. Owing to the occurrence 
of a term 

- r -3 X cosoc m = - X 2 j2m 

in tho expression for 5X/fi/A, we see that where X is largo, and m is 
small, error in /a may be very much more serious than m the case wo 
have selected for numerical treatment. 

§ 23. Tho influence of errors m q and q on X is difficult to present 
clearly, as it depends both on the difference and tho mean of the 
temperatures t and t ' existing during tho vibration and defloction 
experiments. If t and f are equal, it does not matter—the funda- 
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mental formulae being granted—how largely q and q are in error : but 
this is an exceptional occurrence, especially in field observations. To 
consider all possible mean temperatures socmed unnecessary, and I 
thus confined my attention to the three cases 

(* + 0/2 = 0 , = 1.VC., - 30° C., 

corresponding to which, 

ty + (* + *') ^ (q + 30y'), — & (y + 60$'). 

In other words, I found the difference Inst ween the two olwerved values 
of the three quantities $, $ + 30$' and 7 + 60/', treated independently, 
and the corresponding three independent prolwble errors. 

The results, derived from seventy magnets, u ere as follows :— 


Quantity 

10 "? 

10 * ($ + 30$')" 

10 « (q + <30$')■ 

Mean semi-difference . . . 

ll-ft 

7 8 

141 

Mean probable error . ... 

7-8 

5*3 

9*5 


Corresponding to this, wo have for the mean prolmble errors in X 

Mean temperature 0° C v 15* C. 30° C. 

SX. 3 9 (* - **) 10 “°X 2*6 (* - *') 10 °X 4 7 (*- Q lO^X. 

The probable error is conspicuously less near the middle part of the 
temperature range covered by the Actual experiment than near either 
limit of this range; and this is only what we should anticipate. When 
the mean temperature during a horizontal force observation, at Kew, 
is 15° C., it would in the average unifilar require a difference of fully 
10°C between the mean temperatures during the vibration and deflec¬ 
tion experiments to make the probable error in q and $' affect the fifth 
significant figure in X. So large a temperature difference as this need 
hardly ever be feared in a fixed observatory. 

The result ia so far comforting, but does not justify tho conclusion 
that error in the temperature coefficients is a wholly improbable cause 
of error in X. In some individual cases the proliable errors found for 
q and q* were five or six times larger than the mean. Again, in a con¬ 
siderable number of instances, q and have been derived from only 
one experiment. Finally it should be noticed that the probable error 
6 X increases with X, and that on the whole X is largest in equatorial 
regions where the temperature is high, and consequently errors of given 
magnitude in $ and q most effective. 

§ 24. The two terms j (3P/r 2 ) and -^S(@/wX) in (5) were included 
with the object of showing how errors in the values assigned to F or to the 
torsion affect X. I havo, however, no satisfactory data as to the size of the 
probable errors in F or the torsion coefficient under normal conditions. 
The torsion coefficient varies from thread to thread, and also with the 
dampness of the air. It is in fact treated as variable, and is usually 

VOL. LXV, 2 G 
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determined specially in each ol nervation of X. The accuracy of the 
determination thus depends more on the observer than on the in¬ 
strument. 

P has never been regardod at Kow as a constant to be determined 
once for all, but observers are recommended to determine it for them¬ 
selves, employing, when possible, a series of observations made alxmt 
the same time and in one neighbourhood. In other words, P is treated 
as a quantity which probably alters slowly with the time, and which 
may \ ary with X In the Kow umfilar itself the mean value of P 
calculated from a year's observations varies slightly but somewhat 
irregularly from j’ear to year 

The degree ot variation is best seen by consulting the following 
table .— 

Table XL 


Year 

-10-P/rJ 1 
Hi 30 cm 

Year. 

-10 s x Pi¬ 
nt 30 nn. ■ 

Year. 

-10»xP/r* 

»t 30 om. 

1800 

108 

1886 

153 

18921 

67 

1876 

185 , 

1887 

192 

1893/ 

. 1879 

m i 

1888 

171 

1894 

140 

18821 

133 1 

1889 

211 

1896 

131 

1883/ 

1890 

177 

1897 

111 

1884 

172 

1891 

121 j 

, 1898 

143 

1886 

05 | 


1 




Each ono of these results is based on a largo number of oliservations, 
but I should hesitate to say that observational error plays no part in 
the apparent fluctuations. There are of course frequently minor 
magnetic disturbances during horizontal force oliservationB, and two 
or three outstanding values of P aeiiBibly affect a mean though derived 
from forty observations. Though the animal mean has invariably 
made P negative, positive Vtilues from individual observations are by 
no means uncommon. 

If we consider that the data in the above table are liased each on 
numerous experiments, taken at a flxod station under the best conditions, 
we must, I think allow that uncertainty in tho P correction is a very 
prolmblo source of trouble in survey work. 


Cnttrism of Formula fiom Mathematical Standpoint. 

§ 25. If $ be the angle made by tho axis of the collimator magnot 
with the magnetic mendian at time r, the equation of motion is 

K'fi+®tf + {wX(l- 2 /-9'/s) + /iX.X}smtf - 0 ... (6), 
dT rf* 
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where K' is the moment of inertia of the magnet and appendages, and 
ft the induction coefficient at temperature /. 

If 6 be kept small enough this gives an isochronous \ ibratiou whose 
half period Tj is given by 

T,> - <^K7„X)^(l +-® x -*-&+£), 

whence mX =» (tt^K'/T,•) + (l + ^- fJ t- q T- + 

Unless 0 bo kept vory small, a correction becomes necessary for 
** finite arc 51 of vibration; and wo then encounter the difficulty that 
the torsion couple is ©0 and not © sin 6. 

This is rarely, however, of practical importance, except at places where 
X is specially small, supposing one avoids coarso suspension fibres. 
At Kew ®/mX very seldom reaches 0*001, and 0 need never exceed 2 U ; 
and under such conditions © sin 6 may be freely written for ©0. The 
correction for “ finite arc ” then presents no peculiarity 

A second criticism that may bo passed is that (6) makes no allowance 
for air resistance ; m the absence of experimental data I have nothing 
to say on this point. 

§ 26. In the deflection experiment tho deflocting and deflocted 
magnets are at right angles, tho latter making an angle u w ith tho 
magnetic meridian. 

Supposing t the temperature, the induction coefficient of the colli¬ 
mator magnot during this experiment, and X' the horizontal force, we 
have— 

X!jvi tii -a coscc u {1 - if - t/r - (/VX'/m) sin «} (1 + lb . (8),. 

assuming the term Qr -4 negligible. 

Here r is the actual distance at temperature t' Iwtween the centres of 
the two magnets. 

Unless a large magnetic storm is in progress—in which case an abac 
lute observation of horizontal force is worthless—we may regard X 
and X' as equal m the small terms of (T) and (8), and so may wute 
these equations as 

mX = (ji^K'/Ti 2 ) -r {1 + (©/ mX) - - qt 2 + 2/*r“ 8 cosec it }, 

X f /m - 2*- 3 cosec u (1 + P/•-*) (1 -qf- ft’* - 2ft‘% 

Thence, eliminating w, wo have 

YY' — 2ir a K' cosec n (1 + P/ ~ g ) (1 - qt * - q’P - 2/aV~ 3 ) , . 

"" riTV 1 + (0//«X) - qi - qt 1 + 2fir~ 3 cosec u ’’* ' * 

This differs from (4) in several respects; but some of these possess 
little real significance. 


2 G 2 
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Thus we have XX' in (9) as against X 2 in (4); but this only means 
that the X appearing in (4) is in reality a mean between the values 
possessed by the horizontal force during the vibration and deflection 
experiments. 

In actually comparing *the result of an absolute horizontal force 
observation with the magnetogram one measures the curve ordinates 
at the mean times of the two experiments—times separated usually by 
thirty or forty minutes—and takes the mean of the two ordinates as 
corresponding to the X deduced from (4). 

Again, the IC appearing in (4) is really taken from a table which 
allows for variations of temperature, and the same is true of r. 

§ 27. The first difference of real significance is that (9) contains 
1 + 1V“ 2 , while (4), on the other hand, has (1 - P/* -2 )" 1 . Supposing X 
measured as usual to five significant figures, this becomes objectionable 
when the value of X is affected by so much as 5 x 10“ 6 C.G.S. unit. 

The limiting value of Pr“ 2 for which the substitution is justifiable is 
given by 

X(1 -PX - 5 x 10~ fl , 
or, approximately, P?~ 2 « 10“ 3 (10/X) 4 . 

This gives— 

For X = 0*18, P/‘ 2 = 0*0074, approx., 

X - 0*36, P« 0*0053 „ . 

The mean value found for P i~ 2 , when P is positive, in Table I is just 
in excess of 0 0074, and values in excess of 0*0053 are very common. 
Thus the employment of (1 - Pr -2 ) -1 in (4) is, to say the least of ft, 
frequently unjustifiable. 

As regards the possible size to which the error in question might 
attain, we should have in tho case of the largest P given m Table II 

for X =» 0*18, error 0*00006, 

X - 0*36, „ 0*00011. 

§ 28. The second difference of note between (4) and (9) is that 
(1 + q? + jT a + 2/xr -8 )' 1 occurs in the former as against 

1 - gf - qft' 2 - 2fir~ z 

in the latter. 

Overlooking for the present a possible difference between /a and /a', 
wc see that objection arises when 

(qt’+q't't + Zur-*)* 

ceases to be negligible. 

So far as the term in /a is concerned there is no cause for apprehen¬ 
sion, as 0*0006 would be an exceptionally large value for 2 /at“*. 



Determination of the Earth's Horizontal Magnetic Force . 395 

The case of the temperature terms is less satisfactory. Taking, for 
example, the moan values of Table I, viz, 

q - 335 x 10'°, q - 14x10-, 

we have 

f = 10° 20° 30° 

qf + q'n = 349 x 10' r * 726 x 10" 5 1131 x 10“ G 

Following exactly the same procedure as in the case of P/’ 2 , wo 
thence conclude that the treatment applied to the temperature terms 
will on the average begin to introduce error, supposing X = 0 18, 
whon f reaches 20 u C. 

When a magnet with large temperature coefficients is used in hot 
weather at a place where X is largo, the error duo to the treatment of 
the temperature terms becomes very sensible. Suppose, for instance, 

r/ = 6 x 10 -4 , q = 22 x 10—, 

values exceeded in one actual caso, then w r e have 
for r = 35*, 

<fi + qn = 0 0237. 

This gives an error of approximately 0*0001 C.G S unit when 
X - 0*36. 

Vnhum ft am Physical Standpoint * 

8 29. Under this hoading I shall discuss coitain grounds of uncer¬ 
tainty which may affect the accuracy of the calculated values of the 
horizontal force. The considerations are mainly, but not exclusively, 
physical. 

An objection to both the fundamental formula* (7) and (8) is that they 
represent all the quantities involved as constant, whereas m general 
magnetic force and declination, tomperaturo, and moment of magnet, 
are constantly altering. 

In reality, however, the / appearing in (7) is the mean of two read¬ 
ings of a thermometer adjacont to the collimator magnet, taken, the 
one immediately before, tho other immediately after, the vibration 
experiment; while the t’ appearing in (8) is the mean of eight thermo¬ 
meter readings taken nearly simultaneously with the individual obser¬ 
vations of the deflection angles. Thero is thus very fair provision for 
changes of temperature so long as the temperature changes slowly and 
continuously in one direction, provided the thermometers really record 
the temperature of the magnet. In a fixed observatory theso condi¬ 
tions are probably as a rule fairly secured if the magnet and thermo¬ 
meter be freely exposed to the air for five or ten minutes beforo tho 
experiment commences. 

* November 22,-^Compure a paper by Wild (which I hod overlooked), 'Terre¬ 
strial Magnetism,' vol. 2,1897, pp. 89—104. 
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§ 30. Variations of horizontal force and declination—which likewise 
affects both vibration and deflection readings—are more serious. If 
small and gradual, they are of course likely to be largely eliminated, 
especially in the deflection experiment, where the ordor of the operations 
is specially devised with a view to this end. If, however, they are 
large and sudden, prolwibly the only really satisfactory course is to 
reject the observation. 

It might be supposed that at a fixed observatory coirections could 
always be applied by referring to the magnetograph curves. This, 
howovor, is not very feasible in practice. The time scale of the curves 
is so contracted that the time to which a particular ordinate refers is 
usually uncertain to tho extent of at least half a minute. Again, the 
position at any instant of a magnet during rapid changes of field 
depends to an extent difficult to determine on the inertia of the 
magnet; and the magnets used in magnetographs find in absolute 
instruments differ greatly from one another lioth in inertia and in 
method of suspension. The vibration of a magnet under sudden 
irregular variations of horizontal force and declination is in all prob¬ 
ability a very complicated problem. 

§ 31. The possibility of obtaining satisfactory horizontal force 
measurements depends largely on avoiding times of serious magnetic 
disturbance 

The shorter the time occupied by the observ ations, tho better the 
chance of accomplishing this. Supposing a uniform procedure adopted, 
the timo occupied by a vibration experiment is independent of the 
observer; it is shorter the stronger the magnet and tho greater the 
horizontal force. It is thus of especial importance that collimator 
magnets intended for work in arctic regions, where the force is low 
and disturbances largo and numerous, should lie of high magnetic 
moment. 

In the deflection experiment a great deal depends on the skill of the 
observer, and on the make of the unifilar; one observer may do in 
twenty minutes what occupies another for fifty. Extreme conscien¬ 
tiousness may bo a positive demerit, owing to the excessive time spent 
in adjustments and readings. 

A variety of other criticisms will be considered which apply to some 
one physical quantity, and are classified accordingly. 

§ 32. Moment of inertia .—In default of any simple moans of directly 
measuring tho variation with temperature of the moment of inertia, 
this variation is calculated by assuming for the coefficients of linear 
expansion:— 

18 x 10“ 6 in the auxiliary brass bar, 

12 x 10~ fl „ „ collimator magnet. 

There is of course the uncertainty that the assumed mean values may 



Determination of the Earth's Horizontal Magnetic Farce. :?D7 

not apply very exactly to the'particular samples o! brass and steel em¬ 
ployed in any individual case j and there is the further criticism that the 
coefficient 12 x 10~ fl is applied to a composite moment of inertia K, 
of which 25 to 30 per cent, is contributed by the magnets appendages, 
which are mainly brass. The expansion coefficients arc employed first 
in deducing the value of K at 0° C. from the value found at some 
higher temperature, and then m calculating from the value at 0° C, 
thus found, a table giving K at all temperatures likely to occur m 
actual use. Any error that may t ariso in this way will bo larger the 
more remote the temperature from that existing during the special 
inortia experiments. Its prolwble magnitude cannot, however, be 
directly arrived at in the absence of measurements 1 of the expansion of 
specimen magnets, their appendages and auxiliary liar* 

A second source of uncertainty is the fact that one is obliged to 
assume uniform density in the auxiliary bar 

S5 33. Totmn of suspending thread .—This is required (1) in reducing 
the declination experiment, (2) m the vibration experiment determining 
the horizontal force. 

For a considerable time prior to a decimation experiment at Kcw, the 
suspending silk fibre is stretched by hanging from it a non-magnetic 
plummet similar m weight to the magnet and its appendages. As the 
magnetic meridian is very approximately known, it is easy to arrange 
that when the plummet is replaced by the declination magnet there 
shall be very little twisting of the silk, we may thus, with at least 
reasonable probability, rogaid the thread at the beginning of the experi¬ 
ment as practically free from torsion. After the experiment is con¬ 
cluded, the magnet is again replaced by the plummet, and after some 
hours its position is noted. In this way we can tell approximately the 
angle & through which the lower end of the thread has turned since the 
last declination reading Was taken. It is assume* 1 that & represents the 
amount of torsion in the silk when the experiment ended, and that 
this torsion was introduced gradually m the course of the experiment. 
As the magnet has to lie variously manipulated, there is no antecedent 
mprobability in the hypothesis; but it will, I think, bo recognised that 
the taking ff/2 as the mean torsion angle during the experiment is an 
emendation whose success is likely to be variable. 

To allow for 6^/2 of torsion, one introduces a given twist into the 
thread and notes the consequent change of azimuth in the suspended 
magnet. The procedure adopted at Kew, is to turn the suspension 
head carrying the thread through ISO" first in one direction then in 
another, noting the corresponding equilibrium positions of the magnet. 

§ 34. The occasion for a torsional correction in the vibration experi¬ 
ment is the existence of the couple 00 in (6), and consequently of the 
term 0/mX in (7). The value of 0/VaX is deduced from the observed 
changes in the azimuth of the collimator magnet when the suspension 
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head is turned through ± 180°. There are several possible criticisms. 
In the actual vibration experiment, the thread is twisted at moBt only 
a degree or two, and it is open to doubt whether a value found for 9 
from twists through ± 180* is strictly applicable, oven supposing the 
conditions otherwise identical. 

There is usually more than one silk fibre in the suspension, and this 
increases the probability that the value found statically for 9 may not 
apply exactly to a vibration experiment. 

Another criticism is that experiment really gives ®/m'X', where m’ 
and X' aro the values of the magnetic moment and of the force during 
the torsion experiment, instead of ®/^X, where w is the moment at 
0* C. and X the force dunng the vibration experiment. 

To judge of the effect of this, we require the relation between tho 
error in 0/»*X and tho consequent eiroi in X. For this wo have 
from (5) 

SX - - X$S(0/mX). 

In order that should equal ±5 x 10'° at Kew vve would roquiio to 
have 

fl(© >N) - ±5 x 10'\ approx. 

Whon one uses a susptMibion sufficient for the collimator magnet 
alone, without tho auxiliary liar, one can with an Averago magnet get 
0/tffX as low as 4x10" 4 at Kew. Now an error of 10 per tent, 
in 0/wX through negloeting tho variation of m with temperature or 
the fluctuations of X at a fixed station is quite out of tho quostion. 

On the other hand, suspensions such as are frequently used to carry 
the auxiliary Imr as well as the magnet, and are intended to stand a 
good deal of rough handling, ww y make 0/i»X at Kew as large as 
25 x 10“ 4 . In such u case error may occasionally arise through not 
discriminating between nf and nh 

In practice tho most probable sources of error aro inaccuracy m the 
torsion experiment and variation in 0, owing to variation of moisture, 
between the vibration and torsion experiments. 

§35. Tempemtine Coejfu mit*. —In the method of determining tem¬ 
perature coefficients in vogue at Kew tho collimator magnet is fixed 
inside a wooden box, rigidly attached to the pillar which carries the 
unifilar. The calculation assumes the mirror magnet—which is sus¬ 
pended as in the deflection experiment—to be exactly perpendicular to 
the collimator; but, owing to the position of the latter being fixed, this 
is in general only approximately true. Suppose the deflected magnet 
to make an angle n with the magnetic meridian, and an angle ± \f/ 9 
instead of ir/2, with the collimator magnet. The deflecting force F is 
given in terms of X by tho equation 

F/'X « smw.'tos^. 
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If F alters owing to change of temperature in the collimator magnet, 
its increment 6F and the increments Sit in \f/ and u are connected by 
the relation 

. (F + «F)/X - sin (u + *«)/cos (* + ty). 

But and arc equal and so, supposing SF/F small, we have 
SF/F — (cot u + tan Si/ . 

The assumption, tacitly made in practice, that the magnetic axes are 
perpendicular is legitimate only when \i o may neglect 

tan cot». 

The size of the error vanos with the moment of the deflecting 
magnet, and also with the secular change of declination. A slight 
change is, I thmk, desirable either m the experimental arrangements or 
in the calculation.* 

§ 36. A more strictly physical objection to the temperature experi¬ 
ment is that in it tho changes of temperature are \ cry sudden, whereas 
m actual uso they are gradual. I am not aware of any experiments 
beanng directly on the question whether a change of from 15° C. to 
40’ C, occupying only a minute or two, has the same tempos a nj effect on 
a magnet as an equal change occupying as many hours. Theoretically 
it would lie very desuablo to make tho changes of temperature slow, 
but in practice this is troublesome, owing to the disturbing influence of 
changes in declination and horizontal force A chango of 18° C. in tho 
temperature of a collimator magnet at Kew seldom alters the azimuth 
of the deflected magnet by more than 10', so that it is important to 
avoid the risk of sensiblo disturlninces so far as posBiblo, e\cn though 
corrections are appliod from tho magnetic curves. 

Another objection is that sudden changes of temperature aro apt, 
like mechanical shocks, to permanently diminish the magnetic moment. 
It is clear that unless such permanent loss is small, satisfactory values of 
q and q ' are unlikely to result from a calculation which assumes that 
the temperature effects are purely temporary. 

In tho normal temperature experiment at Kew tho cycle “hot,” 
“ moan,” “ cold ” is repeated throe times, and the arithmetic mean of 
the throe readings of tho doflected magnet s azimuth, answering, say, to 
the three “ hots " is attributed to the temperature which is the arithmetic 
mean of the throe olwervcd temperatures This method probably 
eliminates to a considerable extent the influence of permanent changes, 
supposing thorn to exist, but it also ronders their detection somewhat 
difficult. To investigate tho matter I took a number of temperature 
experiments, and employing the values found for q and </ calculated 

* November 7.—Since this was written the small necessarj change in the appa- 
rata* has been effected. 
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the values of the magnetic moment, reduced to a common temperature, 
At each of the three “ hot,” ** mean,” and " cold ” readings. Thus, for 
instance, if the three “hot” temperatures wore 35\ 36°* and 37°, the 
olworved magnetic moments were reduced to the mean temperature 36 \ 
The departures from the mean temperatures in this caso are so small 
that trifling errors in q or q arc immaterial Corrections were care¬ 
fully applied in all cases from the magnotograms for changes in the 
horizontal force and declination. 

In all, sixteen experiments made on ten different magnets Mere 
dealt with; the moan results are given m Table XII. By ( - Smjm) is 
meant the diminution found m the magnetic moment divided by the 
original value of the moment at atmospheric temperature. This is multi¬ 
plied by 10° to avoid decimals. 

Table XII.—Mean Values of ( - x 10*’ 

Temperature 2nd reading—1st. 3rd reading —2nd. 3rd reading-l»t. 


“Hot” 

266 

95 

383 

“Mean ”. 

260 

75 

346 

“Colil” 

166 

50 

229 

Mean of 3 stages . 

231 

75 

319 


In one case only one cycle was taken. 

One cannot measure in accimately to one part in 100,000, much less 
to ono part m a million, so that a high degree of accuracy can hardly 
be claimed for the above figures. It seems, however, perfectly clear 
that normally there is a loss of magnetic moment, but that at the same 
time the average loss is very small 

These conclusions wore supported by a large number of other cases 
which I examined, though less carefully. 

On the average, according to Table XII, a complete temperature 
experiment causes a loss of al>out 0*04 per cent in the value of »i, and 
of this loss much the greater part occurs during the first temperature 
cycle.* The tmo reversible temperature variation of m during a cycle 
averages very sensibly over I per cent ; thus the shock effect can cause 
but little error in the values of q and tf m the average magnet. 

Cases occur, however, in which the loss of magnetic moment is very 
considerable, and the values of q and q ' may have suffered in conse¬ 
quence. The property seems to depend on the tempering, not on the 
chemical character of the steel ; for various magnets which have lieen 
rejected for defective retentiveness have liehavcd normally after further 
treatment by the maker. 

In some of the experiments summarized in Table XII there was a 

* It in intended in future to h»\e four temperature cycle*, discarding the reiult« 
of the first cycle. 
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slight apparent increase of moment at one or more of the stages. In 
fact, in an old magnet not recently remagnetised, and m a new magnet 
which had been put through a previous temperature experiment only 
three dAya before, the moment appeared greater on the third occurrence 
■of the “ hot ” temperature than on the first. 

In investigating these permanent changes of magnetic moment I 
received valuable assistance from Mr R. S. Whipple, then twsistant at 
Kow Olwervatory. 

§ 37. There are several other sources of uncertainty affecting tem¬ 
perature coefficients. For instance, a small fall of temperature may 
not always have an effect exactly equal and opposite to that of an 
equal rise. 

Again, it is conceivable that the values of q and <( may depend to 
some extent on the age or strength of the magnet, and so may alter in 
course of time. On this point I have some interesting data. 

In 1894 three collimator magnets after long absence in India were 
sent to Kew Observatory to be reported on Tho opportunity was 
taken to redetermine their temperature coefficients—originally deter¬ 
mined in 1865—before sending them for repair to the maker. After 
their return they wore remagnetised and tested as usual. 

Table XIII gives the values deduced for 


1 dm = 
hi dt 


q + *2f/( 


t 

at 0 J , 15 J , and 30" C , employing the values found for 7 and 7 '. 


Table XIII 


Date. J 

Temperature j 


1865. 



1894 



1896 


V 

16° 

~ 1 \ 

30° 

0° 

16° 

"~3(? 

V 

16° 

30 

Magnet .. 

240 

264 

288 

262 

285 

318 

347 

363 

880 

» n. 1 

219 

234 

260 

168 

200 

243 

— 

— 

— 

„ ui.1 

290 

369 

429 

327 

866 

406 

863 

407 

461 

Mean for all.j 

260 

286 

322 

246 

284 

822 

— 

— 

—. 

,t „ 1 and in. 

266 

312 

369 

289 

326 

362 

365 

386 

416 


/ 


Table XIV gives particulars as to the values of the moments of these 
magnets at tho times of the temperature experiments, and the loss of 
moment which occurred lietwoen 1865 and 1894. 

The numbering of the magneto is arbitrary, but is tho same in both 
tables. Magnet ii was discarded in 1894, being slightly chipped. It 
will be seen that the agreement between the mean temperature effects 
in 1865 and 1894 could hardly be better, notwithstanding the large 
diminution in the magnetic moments. 
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Table XIV. 


Magnet 

Moment in 
1865 

Moment in 
1804. 

Per i*ent. low 
in 29 years. 

' Moment m 
1806. 

\ 

9:i« 

668 

89 

863 

11 

776 

464 

40 

■— 

1 in 

1 

915 

718 

24 

855 


On tho other hand, the values found for 7 and 7' in 1895—values 
based in each case on two consistent experiments—are unmistakably 
higher than those found m 1865 and 1894. There is no apparent 
reason for this except the fact that the magnets had been remagnetisod. 
The makers, in roply to inquiries, stated explicitly that “ tho magnets 
. . . wore only cleaned.” 

We seem driven to tho conclusion that whilst a gradual loss of mag¬ 
netic moment mng not appreciably influence the values of tho tempera¬ 
ture coefficients, tho romagnetisation of a magnet docs influence theso 
coefficients, in at least some cases 

§ 38. Tmhutvm Cwfficmit ,—Tho method of determining ft has l>oen 
already described in $ 3. There are here also sevoral uncertainties. 

The assumption that tho relation between tho temporary momont 
and the field is stnctly linear may not be sufficiently exact; 0*44 C.G.S. 
unit is ft consnfcrahly stronger field than Lord Rayleigh found to limit 
the linear part of his induction curves, and recent German observers 
seem disposed to narrow his limits. Tho accuracy of the assumption is 
doubtless less 111 some collimators than 111 others, but I have no data on 
which to proceed. 

* Again, it is ojien to doubt whether a magnet possessed of a large 
permanent moment responds equally to tho action of two small fields, 
one tending to increase, the other tending to diminish, the total 
moment. This uncertainty enters into the application of fx as well as 
into its original determination. For in tho vibration experiment the 
temporary ami permanent magnetisms are in the same sense, whereas 
m tho deflection experiment they are in opposite senses. 

If the presence of a permanent magnetic moment influences the value 
of fi t then the value found at Kow, even if otherwise above criticism, 
will presumably become loss exact as tho moment falls off. 

Another source of uncertainty is tho probability that ft varies with 
the temperature. 

We can liest judge of the possible influence of these sources of uncer¬ 
tainty by reference to the formula 

* Latnont, * Handbueh des Erdmagnetumus, 1 pp. 148—160, eays /i fi lets for 
strengthening than for weakening field*, especially when the permanent moment 1 * 

very large. 
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5X/X — - S/mf* -8 coeec u - S/xV* 8 , 

connecting the error SX in X with the departures 3/a and S/a' of /a from 
its assumed value during the vibration and deflection experiments. 

As coseo u exceeds 1, we see that if S/a and S/a' be equal, the first 
term on the right of the equation is the larger of tho two; thus an 
error of givon amount in /a has most effect in the vibration experiment. 

We have approximately 

cosec w = X/ 2 »/, 

and putting r = 30, we should find for an average collimator magnet 
at Kew 

SX — - 10“°(20S/a + 7 S/a'), approx 

The average value of /a in Table I is 5-85, thus if ty and S/a' ex¬ 
ceeded 3 per cent, of the value of /a the consequent error in X would 
become sensible. 

A change of 30° C. m temperature seldom alters m by more than 
2 per cent, so in temperate regions the neglect of temperature varia¬ 
tion in /a seems hardly likely to lead to error, unless of course tem 
porary magnetism is more susceptible to temperature changes thab 
permanent magnetism. 

In tropical countries the neglect is likely to be more serious. 

[Since this paper was written, Professor Mascart, in * Terrestrial 
Magnetism,’ has called attention to a source of uncertainty which I had 
supposed negligible. He points out that in the vibration experiment 
the proper induction coefficient is really /a - r, where /a has the meaning 
Attached to it here, while v is the coefficient of induction for a magnetic 
field perpendicular to the magnet’s length. Professor Mascart describes 
a method of determining experimentally /a, v t and /a — the coefficient 
when temporary and permanent longitudinal magnetisations are opposed. 
The method is, he says, easily applied and the results consistent; but 
the apparatus required seems a little complicated. Professor Mascart 
quotes no numerical results. 

In the Kew pattern collimator magnet I should anticipate v//a to be 
small, but it may not be negligible. Experimental investigation of the 
point is certainly desirable.] 

Asymmetry in Magnet*. 

$ 39. In the deflection experiment it is customary to describe the 
collimator magnet as being on the east ort vest side of the mirror magnet, 
and as having its north pole east or west. The directions are not strictly 
east and west, hut perpendicular to the mirror magnet, as deflected out 
of the magnetic meridian. As the sense intended, however, is quite 
clear, I shall employ tho usual terminology. 
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In the accompanying figure, which ia not drawn to scale, W and E 
represent the “ west M and “ oast” ends of the graduated bur on which 
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slides the frame carrying the collimator magnet. The graduations run 
in both directions from O, the centro of the bar. The centre of the 
mirror magnet should !>e on the vertical lino through O, and also on 
the horizontal line which is the prolongation of the magnetic axis of the 
collimator NS. The figure shows the collimator magnet in the four posi¬ 
tions which it occupies during the deflections made at one of the two 
distances, say 30 cm. Supposing a 30 cm deflection to lie the first of 
the day, the four positions are assumed in the order 1, 2, 3, 4. It is 
the rule at Kew Observatory that if a 30 cm. observation takes pre¬ 
cedence on a given occasion, then a 40 cm. observation has precedence 
on the next On the second occasion the four 30 cm. positions occur 
in the order 2 , 1, 4, 3. The object is very probably to eliminate so far 
as possible the influence of changes of force or temperaturo on the- 
value of which is calculated from a largo numl>er of observations. 

§ 40. If there were perfect symmetry one should have identical read¬ 
ings in positions 1 and 4, and again in positions 2 and 3. But, in 
reality, agreement m those readings is wholly exceptional. To elimi¬ 
nate the disturbing influence of observational errors and changes in 
force a number of dofloction experiments aro necessary. Thus, the 
only case in which I have had the data requisite for an exhaustive study 
is that of the Kew unifilar itself. 

In this instance the phenomena seem adequately explained by the 
hypothosis of the existence of such asymmetry as we should anticipate 
h primi. 

It is doubtless the aim of the maker to fit the suspension tube so that 
the centre of the mirror magnet and the centre, or zero, of the graduated 
bar in the deflection experiment shall lie in a vertical plane perpendi¬ 
cular to the bar; but complete success is unlikely to attend his at¬ 
tempts. Accordingly, my first assumption is that the centre of the 
mirror magnet is really at u distance z , counted positive towards the 
“ east,” from the vertical plane perpendicular to the bar through the 
centre O. 

The framo carrying the collimator magnet has a fiducial mark at the 
centre of its edge, which is set during the deflection experiment at the 
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division 30 or 40 cm. on the bar. From the centre of the upper edge 
of the frame a pillar extends vertically upwards, so as to fit into the 
hollow shank which forms part of the appendages of the collimator 
magnet. The vortical plane perpendicular to tho lwtr through tho 
fiducial mark should contain tho centre of the vertical pillar and also 
that of the magnet. Supposing the frame to havo fiducial marks on 
both sides, and that these agree, one can test the existence of the first 
possible cause of asymmetry by turning tho frame end for end, keep¬ 
ing the direction of the magnet unchanged, the azimuth of the mirror 
magnet will serve as a criterion This kind of asymmetry has not been 
detected in tho Kew umfilar, and if existent its influence would bo 
nearly eliminated in a large number of observations in which either 
position of tho sliding frame occurred promiscuously. Tho existence 
of the second species of asymmetry is less easily tested, but is more 
probable h jniori. Accordingly my second assumption is that during 
tho deflection experiments the ccutie of the magnet is at a distance y 
from the vertical piano which {Kisses through the fiducial rnuik, and is 
perpendicular to the magnet’s length. Here // is counted positive 
w-hoti the magnet’s centre and north pole are on the same side of tho 
fiducial mark. 

§ 41 On these two hypotheses it is obvious from fig. 1, that when 
the apparent distance liotween the centies of the magnets is >, tho true 
distances are as follows .— 

Position. 1 2 3 4. 

True distance . . . ?+//-; /■-//-? /+y+? r-y+ r. 

Now suppose that a and u + &u are tho deflection angles of tho 
mirror magnet answering to the tine distances # and Then, 

according to the first approximation formula, 

(/4-8?) 3 sin(« + 8«) = fta'mn, 

whence, neglecting squares ami products of and <5/, wo have 

3a = nuSi . (10). 

In what follows I employ u when r — 30 cm., and u when r -= 40- 
cm., and distinguish the several positions of fig. 1 by suffixes. 

Referring to tho scheme of values of & given alwve, ue find— 



Position 1. > 

Position 2 

5i/i — 

- 1 VO--) 4 *" "• 

Sit* ■» iV(//+ '•) t»i >», 

Sm'i =» 

- 1V (y - -) ten 

= - i \ [ Q/+z)Umu'. 


Position 8. 

Position 4. 

Stfa « 

-r 

f "4 = T l ff(y- ; )tonw, 

8u's - 

- 1* (y+*)<*>»«'• 

Su\ = f(T ('/ - -•) tan 
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Whence 

&u 4 - J (y - :) tan tr t -8u s «- ] (y + z) tan tt , 

8u' 4 - 5«'j = (y - :) tan n\ 5- Sm' 3 * / 0 + z) tan n\ 

The mean results from the thirty-nine absolute determinations of 
horizontalforco made with the Kcw unifilar in 1892, wore as follows;— 

8tt A - 8tf\ 8u 2 - Situ 8a\ - &u\ - 6 «' 8 . 

10 f 22". 27' 29". 3' 1". 8' 25". 

Also, approximately, 

n - 15’ 30', »«' ** G u 30'. 

Thence we have— 

From observations at 30 cm. | From observations at 40 cm. 
it + z - 5 x 3*006 x 0 00799 - 0 144 cm , if + z - 6*6 x 8 777 x 0*002 US - 0 U3 cm , 
y-s-5 x 8 606 x 0*00302 - 0 054 „ - 66 x 8*777 x 0*00088 -0*052 „ 

whence whence 

y » 0*099 cm. * — 0 045 cm. y «■ 0 098 cm. s — 0*045 cm. 

If the hypotheses on which tho calculations arc based are incorrect, 
the agreement between the two sets of values found for y and z is cer¬ 
tainly remarkable. 

I repeated the calculations for the data from the same unifilar in 
1893, and again tho two sets of values for // and c wore m excellent 
agreement, the moans being 

y - 0*095 cm., r = 0*039 cm. 

§ 42. Consequences of AtynimAry .—Using tho first approximation 
formulu, we have of course when we neglect 3/ 2 and 8u 2 

8tt\ 4* + 8^3 + 8u 4 ** 0. 

Thus to estimate the size of the error we must go as far as squares 
and products of small quantities, replacing (10) by 

« - 3# _1 tan u&t + £ tan uSu* - 3r l 8u8i - 3 r 2 tan w&* 2 ... (11). 

Substituting the first approximation value for Su/St in the small 
terms in the usual way, we find 

fiw a ~3r -1 t&nwSr + S tan«(3 tan 2 # + 4) r~ a $r 2 . (12). 

Taking r — 30, and ascribing to &r in succession the values corre¬ 
sponding to the four positions, I find on reduction 

8n EE £ (S«i + $«2 + $«a + &u) ~ sirs *»n« (3 tan 2 w + 4)(y 2 +jr 2 ) ... (13).* 

# The method followed above hag the advantage of leading directly to the value 
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Taking the data for the Kew unifllar in 1892, we find 
tit - 23 x 10“® (or about 48"). 

Now is the error, in circular measure, in the obser\ od deflection v, 
and the consequent error in the horizontal force, deduced from the 
relation 

X‘Vnw «* constant,* 

is SX = -JXcotttSfl . (14). 

In the cate of the Kcw umfilar, we ha\o approximately 
X - 0-183, cot w = 3 61, 
whence SX = - 0 0000075 C.G.S., approx. 

Thus the error is nearly one unit in the last significant figure. As 
the error varies as y 2 + z 2 , it would become of very sensible magni¬ 
tude if y and z were twice or thrico as large as in the Kew unifilar. If 
I may judge from the figures recorded of unifilars under examination at 
the Observatory, such large values of y and z really exist. 

The source of error just considered alters the observed deflections 
at 30 and 40 cm. m the same sense, and seems unlikely to exert an 
appreciable influence on the value of P. 

$ 43. Causes of Asi/mmetnj .—A collimator magnet ought to be ad¬ 
justed in its stirrup until it is exactly horizontal in tho vibration 
experiment. Tho magnetic forces acting on it tend, in this magnetic 
hemisphere, to pull tho north pole down, and consequently the centre 
of gravity of the composite body composed of magnet and appendages 
must be out of the vertical, which is tho prolongation of tho suspend¬ 
ing fibre, and on the same side of it os the south pole. If the stirrup 
is symmetrical, and if tho lens and scale of tho magnet are equal in 
weight and symmetrically situated, then the C.G. of the magnet itself 
must, in this hemisphere, lie on the same side of tho suspending fibre 
as tho south polo. 

Now the suspending fibre in the vibration experiment, if produced, 
should cut the magnetic axis at the same point as it is cut in the 
deflection experiment] by tho vertical piano which is perpendicular to 
the magnet, and contains the fiducial mark on tho sliding framo. 

Thus in a perfectly symmetrical magnet the middle point of the 
magnet's length, and so the middle point of tho line joining the “ poles ” 
(assuming magnetic symmetry) must lie on one side of the fiducial 
mark, and so of the graduation on the bar which coincides with it. 

Galling the error thus introduced in tho distance r between the 

of 8S, a quantity whose physical sigmflcar.ee is easily grasped. But a sufficiently 
exact value of 8\ can be obtained more sunply from iho relation (r + 8r) 3 (X + 8X)* 
- r»X* (see (4)). 

VOL. J.XV. 2 H 
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magnets 1 centres y, measured as in § 40, we can find its value if we 
know the circumstances of the case. Thus suppose the magnet to have 
a moment 840 and to weigh, with lens and scale, 30 grams; then at 
a place whore g (gravity) is 980, and the vertical magnetic force is 
0*44, we have 

-y - (840 x 0*44) - (980 x 30) =* 0*013 cm., approx. 

The value thus found for y is not only much less numerically, but 
even opposite in Bign to the value calculated for the Kow collimator 
magnet in § 41. There is nothing surprising in this, because the per¬ 
fect symmetry which our last calculation assumes in tho magnet and its 
appendages is a romoto probability. For instance, the lens and scale 
of tho magnet, in tho only caso where I had them weighed, differed by 
nearly half a gram. If othor things were symmetrical this alone 
would remove the C.G. nearly 0 08 cm. from the symmetrical position. 

Mechanical asymmetry might arise in many othor ways. Tho 
magnet itself, for instance, might be slightly conical. 

It is also at least conceivable that magnetic asymmetry may exist. 
If a magnet were conical, or had one end tempered differently from 
the other, I see no reason to expect its “ polos 11 to be equidistant from 
the middle point of its length. 

§ 44. Whilst numerous causes may contribute to tho asymmetrical 
displacement denoted by y, the first mentioned appears the most 
interesting. Not merely is it, as we have seen, unavoidable, but it 
varies if either m or the vertical force alters. 

The vertical force on the earth’s surface varies from about + 0*6 to 
-06 C.G.S unit. Thus if the typical magnet above considered wore 
adjusted so as to be horizontal under tho one limiting force, it would 
have to be shifted about 0*034 cm. in its stirrup to bocomo horizontal 
under the other. 

The shifting m tho stirrup entailed by this variable cause of 
asymmetry slightly affects the moment of inertia. For instance if the 
symmetrical magnet considered alxive, for which y * 0 013 cm. at 
Kow, were used in a tropical station whoro the vertical force vanished, 
y should be reduced to 0, and tho consequent change in moment of 
inertia would be 

3K = - 30 (0*013) 2 =• - 0*005 C.G.S. unit, approx. 

The mean K in Table I is 2711/tr 2 , or 274 approximately; and with 
these values 

6K/K = - 2 x 10' 6 , approx. 

Supposing no allowance made for this, the consequent error in X 
would be 


SX - -XxlO-*. 



Determination of the Earth'* Horizontal Magnetic Face, 409 

Thfe would hardly be sensible supposing X measured as usual to five 
significant figures. It might happen however that owing to asymmetry 
in the stirrup the C G. of the magnet—with scale and lens—had to he, 
in the absence of vertical forco, at a distance d , comparable with 1 mm. 
on one side of tho suspension fibre. Under such circumstances the 
change m the moment of inertia when the vertical force altered from 
0*44 to 0 would exceed that calculated abovo in the ratio 

2 d ; 0*013. 

As perfect mechanical symmetry must be the exception, we soe that 
this sourco of uncertainty is likely to bo considerably moie serious 
than might be supposed from our first example. 

The above considerations may suggest that shifting the collimator 
magnet in its stirrup is a mistake. If, however, this is not done when 
required to keep the magnet horizontal, the magnet and appendages 
must tilt over slightly. This not only alters the moment of inertia, 
but likewise prevents the magnetic couple in tho vibration experiment 
from having its proper value. 

The source of trouble we have just been considering is distinctly 
exceptional in this respect, that it is most serious in magnets of large 
magnetic moment. 


Law of A dim hettceen Moyne fo, 

§ 45 The formula 

couple - 2(1 + P/ + Qr -4 +.) 

assumes that the centre of tho mirror magnet lies on the prolongation 
of the axis of tho collimator magnet, and that tho axes of the two 
magnets are perpendicular to one another. With the magnets in tho 
position supposed, it is not difficult to calculate the values of P and Q, 
if we can regard a magnet as consisting of two equal and opposite 
“poles,” the product of whose distance into the strength of cither con¬ 
stitutes the magnetic moment Thus if 2 A arul 2 A' be tho distances 
between the poles of the collimator and mirror magnets respectively, 
I find 


couple — 

2mmV-» {1 + ( 2 A 2 - 3V 2 ) + |(8A* - 40A 2 A' 2 + 15V 4 ); 

so that P = 2 A 2 - 3 V a 

Q « 3 (8 A 4 - 40A 2 A' 2 + 15V 4 )/8 J 


- 4 + . } 

.... (15), 

. (18). 


When r — 30 cm. 


Fr~a 

Qr-« 


( 2 A 2 - 3A' 2 )/900 -i 

( 8 X< - 40A 2 A' 2 +15A' 4 ) 10-«/216 J . 

2 H 2 


( 17 ). 
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Wc have P « 0 when X'/A. « ^2/3 « 0*8165, approx., 

Q - 0 „ X 7 X « 0*467, approx. 

We can thus make either P or Q vanish, but not both simultaneously. 
When P 0, 

Q = - 9X 4 /2. 

§ 46. Both collimator and lmrror magnets are comparatively M short,” 
t r., their lengths are only about ten times their diameters. In such 
magnets wo should expect, according to Coulomb, 

2X - 21/3, 2X' = 2r/3, 

where I and X are the lengths of the magnets. The formulae by Green, 
Jamin, and others are more complicated. 

Perhaps all we are justified in saying, h prtmi , is that X and X'cannot 
exceed Ij2 and T/2, and that tho collimator and mirror magnets are 
sufficiently similar m pattern to make it probable that the assumption 

X'/X » I'/l 

is not far wrong 

To throw some light on the question, I had measurements made of 
the magnets of the Kew umtilar and of a unifilar of class E The Kew 
umhlar belongs to group B, and its P is negative but exceptionally 
small. The instruments of group E are, as we have already seen, 
exceptionally uniform in character, and invariably have their P large 
and positive. 

The results woro as follows, lengths being in centimetres, 


Unifilar. 

/. 

V. V/l 

Kew, group B 

. .. . 9*35 

7-60 0-81 

„ K 

. 9*17 

635 0 69 

Supposing X 7 X *= r//, we should have in theso two casos 

A'/A. 

P /A*. 

Q/x\ 

0*81 

000 

-4-4 

0*69 

+ 0 07 

-2-9 


These figures, taken in conjunction with our previous data, aro on 
the wholo distinctly favourable to tho hypothesis 

2X/J — 2 x 7 /' = n (a constant) . (18) 

Accepting this hypothesis provisonally, I had tho curiosity to see what 
value wo should obtain for n by ascribing to P tho mean value found 
lot unifilars of group E, taking for l and V the values quoted above for 
a unifilar of that group. 
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Equating to one another the two values of Pr~ s at 30 cm., the one as 
given above, the other as given in Table 1, wo have 

0-B7X* x 30“2 = 655 x 10"\ 

Thus X = 3*21, approx, 

and so n EE 2 Xjl 

= 6*24 -5- 9*17 =- 0 67, approx. 

The practically exact agreement with Coulomb’s relation 

2\ = 2J/3 


seems to warrant tho conclusion that if wo employ this relation in 
calculating Q tho rosult is likely to be of at least the right order of 
magnitude. 

On this hypothesis, taking the values 9 35 and 9*17 for /, fairly 
representative of the two groups, we have with ? = 30 cm , 

Probable value of Q> “ 4 in unifilar of group B = - 5 x 10 -4 , approx. 

.. „ „ E - - 3 x 10“ 4 „ 

Assuming the value of P to be correctly determined, the error in X 
due to tho omission of tho Q term is given by 

SX/X - - IQ/30 4 . 

Taking the numerical values found above for Q, we should have 
when X - 0 18— * 

For moan unifilar of group B, SX - + 5 x 10 6 , approx. 

,, „ ,, h, ^X — 4-3x10', ,, 

There is admittedly much uncertainty in these numerical estimates, 
but they undoubtedly indicate that the neglect of Q requires justifi¬ 
cation. 

If the Q term is not negligible then the ordinary method, which 
assumes that tho P term is the sole cause of the difference between the 
two values of m/X, given by the first approximation formula with 
r = 30 and r = 40, must lead to a wrong value for P. 

Now the P correction does not strike a mean between the results at 
30 and 40 cm., but adds to or subtracts from both values of m/X. 
Thus the indirect consequences of neglecting Q may be as important as 
the direct. 

[Lamont, in his ‘Handbuch des Erdmagnetismus' (Berlin 1849), dis¬ 
cusses the general case of the action of one magnet on another, the 
distribution of “ free ” magnetism being arbitrary. The results (16) for 
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P and Q, though apparently not given explicitly by Lamont, could be 
easily deduced from his general formulae, see especially his pp. 44 and 
45. Dr. C. Borgon, in ‘Terrestrial Magnetism/ October, 1896, pp 
176-190^ cames L*amout's formulae somewhat farther. The position 
taken by the two magnets in the deflection experiment is that termed 
by Bergen “Erste Lamont'scho Hauptluge.” According to Lamont’s 
formula?, the relative importance of Q, and the values of /'//, for which 
P and Q vanish, must vary according to the law of distribution of free 
magnetism At the same time, it would appear that so long as the law 
of distribution is the same for the two magnets, the conditions for P 
vanishing is hardly likely to depart much from 

r;i = x/2/1 

Tho idea adopted in the text of assuming “ poles,” and* proceeding on 
the hypothosis 

2A/Z = constant, 

is one of which Lamont says on his p 45, “ Dies ist ein sohr nutzlichcr 
Mittel um approximativ den Worth der hoheren Qlieder zu bestim- 
men .” Thus, though not new, as 1 had supposed, it has the 
advantage of being recommended by ono of the leading pioneers of 
terrestrial magnetism.] 

§ 47 The exact symmetry in the position of the two magnets which 
is postulated in obtaining the formula for the deflection is rather to be 
hoped for than expected. For instance, the magnetic centre of the 
mirror magnet is hardly likely to ho exactly on the prolongation of tho 
magnetic axis of tho collimator magnet, nor is the magnetic axis of tho 
mirror magnet likely to be exactly normal to the mirror I have, how- 
over, no experimental data hearing on either of these points. 

§ 48. The presont paper may soem premature, in view of tho number 
of questions which it raises without finally answering. To wait, how¬ 
ever, until experiment had given a final answer to all tho questions 
would simply mean sholving the whole subject indefinitely. Many of 
the questions could be satisfactorily dealt with only by elaborate experi¬ 
ments. Such experiments are hardly likely to be earned out at any 
public institution, within a reasonable time, until the necessity for them 
has been clearly demonstrated. 

The investigations embodied in this paper have extended over 
several years, and the results obtained are likely, I think, to be of 
immediate use. 

The unifilar magnetometer is not the only instrument capable of 
measuring the horizontal force. Induction coil methods have of late 
years been introduced and advocated by eminent authorities. Tho 
question of the relative merits of magnetometers and induction coils is 
very likely, I think, to come to the front in a few years, and it is hardly 
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likely to be adequately considered unless the sources of weakness in 
the respective methods are clearly understood. 

Again, there has been an increasing tendency of late years, in 
most lines of physical research, to add figure to figure, and to aim 
at highor accuracy, or at least the appearance of higher accu¬ 
racy. If people were content with giving magnetic force to four 
significant figures, tho majority of the sources of uncertainty 
specified in this paper need awaken littlo apprehension. But now-a 
days hardly any one is content with less than five significant figures, 
and one occasionally secs six I am not prepared to say that tho reten¬ 
tion of six figures is indefensible in the case of open range magneto- 
graphs, when it is cloarly understood that difleienrc'' only are concerned, 
but I do think that with unifilars of the Kew jkittern, as hitherto made, 
the least probable error we can reasonably bxpcct in an absolute 
measurement is two or three units in the fifth significant figure. 

§ 49. Wo have seen that there is every reason to expect that the values 
of the horizontal force given by a unifilar are in error to a different extent, 
according to tho temperature and the magnitude of the force. This 
must introduce a source of uncertainty into the comparisons effected 
between unifilars at distant observatories through the intermediary of 
a travelling instrument. To adequately forewarn those engaged m 
such comparisons may be to put them in a position to obtain more 
satisfactory results. 

§ 50. For the opinions expressed in this paper, and for tho accuracy 
of its conclusions, I am alone responsible; but it is only proper that I 
should acknowledge the valuable assistance given me by Mr. T. W. 
Baker, Chief Assistant at tho Kew Oliservatory. For many years 
Mr. Baker has taken the groat majority of magnetic force observations 
at Kew, and his experience m determining the “ constants ” of collima¬ 
tor magnets is probably quite unique. Mr. Baker has always been 
ready to place his great practical knowledge of the subject freely at my 
disposal, and 1 have also to thank lum for carefully carrying out a 
variety of special experiments, made to elucidate doubtful points at 
various stages of the inquiry. 


“The Absorption of Rontgen’s Bays by Aqueous Solutions of 
Metallic Salts.” By the Bight Honourable Lord Blyths- 
wood, LL.H., and E. W. Marokant, D.Sc. Communicated by 
Lord Kelvin, F.BS. Received March 11,—Bead Juno 15, 
1899. 

The absorption of X rays by metallic salts is a subject that has not 
received very much attention up to tho present time, although it 
appears to be of considerable importance. It seemed possible that if the 
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absorption were atomic, that is if the absorption of the rays were not 
produced so much by the nature of the molecule as by the constituents 
of the molecule, there ought to be some simple relation betwoon the 
absorbing powers of salts having the same acid radicle. This investi¬ 
gation, however, was originally suggested with a view to finding out 
whother tho very great difference in the transparency of individuals to 
Rontgen rays might not bo caused by an excess of some salt in the 
composition of the blood or muscular tissue.* Some results have been 
obtained by different experimenters, the most exhaustive treatment of 
the subject up to tho present having been given by Dr. Gladstone and 
Mr Hibbort (B.A. Reports, Section B, 1896, 1897, 1898).+ They 
found that the physical condition of the absorbing substance (whether 
solid or liquid) produced no very maikod differences, also that tho 
absorption of a mixture of salts was the same as that of the double salt 
in the same state of division, and that tho change in atomicity of tho 
absorbing substance produced no appreciable effect, also that the total 
absorption produced by a solution was the sum of the absorptions of 
the salt and its solvent. 

They also found that the absorptive power depended on tho atomic 
weight and not on tho density or combining proportions, using an 
aluminium stepped scale they found that the absorption appeared to* 
increase logarithmically with the thicknoss of aluminium traversed. 
The same experimenters have also examined tho absorptive power of 
various metals and metallic salts, and havo compared that of different 
acid radicles. Before, however, their results were published the 
present investigation was taken up, and tho results obtained appear to 
be of considerable interest Similar results have been obtained by 
several others, J but all are included in tho more exhaustive work of 
Dr. Gladstone and Mr Ilibbcrt. 

Tho groat difficulty found in tho investigation was tho obtaining of 
quantitative results, as, although it is a comparatively simple matter to 
obtain approximate qualitative results, it is much more difficult to 
obtain even approximately accurate quantitative values. Tho only 
method which appeared to offer much prospect of success was a photo¬ 
graphic one, and all the values given below have been obtained photo¬ 
graphically 

Tho first method adopted was to place two cells made of thin glass 
in front of two holes cut in a thick lead sheet, one cell being filled with 
water and the other with the solution to be tested, tho photographic 

• Cf, Bouchard, * Comptea Bendas,' vol 123, pp. 9G7 and 1012. 

+ 1 Chemical News,' Not. 13, 1696, and Oct 21, 1898. 

X Meslans, ‘Comptes Kendus,' vol 122, p. 307; Bleunard and Lablessc, xhid, t 
▼ol. 122, pp, 627 and 723; Van Aubel, 'Jour de Physique,' vol 6, p 511 ? Novak 
and Sulo, 4 BeibUtter,' vol. 20, parts, p. 444; F. R4, * Elefctricit* ’ (Milan), pp, 
261-264 (1698). 
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plate was placed behind the lead sheet, and exposed generally for ten 
minutes to the rays* The tube was placed in such a position that the 
anti-cathode was in the normal drawn to the photographic plate from 
the point midway between the two holes, and was 12 inches distant 
from it. The plates, after development, were placed in the photometer* 
and the relative intensities of the two spots compared, the arrangement 
adopted being that shown below, fig 1, in which the two spots were 
illuminated by the light fi om two candles 


F io l. 



iScdtf* tn cma 


A ground glass screen Mas placed behind the plate to obtain unifom* 
illumination of the spots. It was found with this arrangement that 
the relativo intensities could be determined with considerable accuracy, 
but that the relative intensities depended to a ceztam extent on tho 
time of development, as has also been noticed by Hurtcr and Driffield* 
Another disadvantage of this method was that the allowance that had 
to be made for tho absorption of tho glass was a comparatively largo 
one with many solutions, and that the error incident on tho determina¬ 
tion of this correction was such as to materially altoi the relativo 
absorbing powers Thus if a be tho percentage of absorption due to 
tho glass of the cells (which was within limits of expenmontal error 
equal for the two cells employed), b that due to the water m one cell, 
and b + c that due to the solution m the other coll, r. being supposed to 
be that part of the absorption due to the presenco of the dissolved salt, 
tho ratio actually observed m this method by comparing the intensities 
of the two spots is— 

a + b + c absorptio n due t o t he cel l and di ssolved salt 

a + b absorption duo to the cell and water 

If therefore c is small compared with b or a t tho accuracy attainable is 
very much reducod. For very absorbent substances, however, this 
method gave fairly good results. 

A very important question in connection with this investigation was 
the standard with which all these aqueous solutions were to be com- 
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pared. It seemed most satisfactory, since all the solutions that were 
tested were aqueous, to choose water for the standard absorber, and all 
numbers given are relatively to water. 

Now, to determine the relative absorbing power of the salt in solu¬ 
tion, compared with the absorbing power of wator, we may consider 
the absorption of the solution to bo split up into two parts, one due to 
the absorption of the water of which the solution is made up, and the 
other part duo to the salt dissolved. 

Now, as above, let a — percentage alworption duo to cell, b = per¬ 
centage absorption due to the water, c = percentage absorption due to 
the salt. Then first comparing the intensities of two spots, as above, 
one obtainod through an empty cell and one through a cell filled with 
water, we have 

IT = Kl {my) ' 1 + a = Kl ' and n = KT-I 


Then, comparing the intensities of two spots, one obtained through a 
cell filled with water, and the other through a cell filled with the 
solution, we have 


<1 + h + c 
u + b 


= K, (say), 


r - („+/,)(Ka-l), 


and substituting for r/, wo havo 

r = b *±<£irJ}, 

* K!-l ’ 

l>~ (Kj- 1) • 


The assumption here made is that the intensity of the black spot on 
, the negative is proportional to the intensity of the light falling on it. 

With the cells used Ki = 17. 

The second method used for the determination of the relative 
, absorbing powers, was based on the fact that the amount of absorption 
of any substance varies with the thickness of the layer traversed by 
the ray. 

The arrangement of tho apparatus was as shown in fig. 2. 

EE is a wooden base supporting the two uprights HH, to which is 
attached a thick lead sheet (shaded diagonally in the figure). In the 
uprights, HH, three grooves are cut, into which fit the bases of the 
three cells, 1, 2, 3, which are thus supported one above the other on 
their wooden stand. The cells 1 and 3 are wedge-shaped, being 
137 mm. long, and 20 mm. wide at the broadest part, sloping away to 
nothing at the thin end of the wedge. The cells are about 26 mm. 
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deep. The middle cell 2 (above) is oblong in shape, being 137 mm 
long by 20 mm. wide. All the cells are made of paraffined mahogany 
about 1’6 mm. thick. On the other side of the lead sheet the dark 
slide containing the plate is placed, stops being arranged so that the 
plate is always in the same position relatively to the wedges. 


Fra. 2. 





Opposite the cells throe oblong holes 115 mm long by 20 mm. wide 
are cut in the lead sheet, so as to allow the rays to fall on the photo¬ 
graphic plate ; the focus tube used was placed 300 mm distant from the 
plate, and was arranged so that the centre of the reflector or anti¬ 
cathode was opposite the middle of the centro hole m tho lead. 

In an experiment the two wodge shaped cells 1 and 3 were filler! 
with tho solutions that required tosting, while the middle cell 2 was 
filled with water It was found that tho intensity of the radiation 
from tho tube was very nearly constant over tho whole plane of tho 
plate, tho variation m intensity of the strip obtained opposite tho 
middle slit varying very little from one side to the other Also, no 
difference could be perceived when tho cells 1 and 3 wore filled with 
the same liquid, thus showing that the variation in tho vortical direc¬ 
tion was negligible 

In all experiments the same focus tube was used, the intensity of tho 
X rays being adjusted by heating To give an idea of the penetrative 
power of the rays used, it may bo stated that at a distance of 12 inches 
from tho tube, the bones of the hand wero cloarly visible on a fluorescent 
screen, while the flesh still appeared dark. By this very rough test 
the tube was brought os nearly as possiblo to tho same condition for 
each experiment. It was found, however, that the use of different 
penetrative powers had very little effect on tho ? dative absorbing 
powers of the solutions, though the actual intensity of the rays was 
greatly altered. In all experiments the plates used wero Edwards' 
**Cathodal Plates"(5 inches by 4 inches); they wero developed by 
hydrokinone and potassium carbonate in from ton to twelve minutes 
during the warm weather, the timo necessary being increased during the 
colder months. 
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Now to determine the absorbing powers by measurement of these 
plates, a special form of photometer was devised for the purpose, aa 
shown below, fig. 3. 

Fio. 8.—PUd. 
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A A is a piece of wood about 10 inches by G inches, fixed to the base 
BB, and fitted at the back with giooves, so that a plato can slide from 
one end to the other along the grooves, figs. 3 and 4. G is a vertical 
slot cut in the wood, into which a diaphragm is fitted, pierced by 
three narrow slits, as shown in fig. 4, special procautions being takon 
that the three slits were all of the samo width (0 5 mm,); H is a 
horizontal slot, cut as shown, to the bevel side of which a scale, SS, is 
attached. CC, fig 3, is a blackened screen, placed so as to screen the 
eye from all light, except that which appears at the slits in G. 

A piece of ground glass or white paper was placed behind the slit 
so as to form a uniformly illuminated background. 

The plate was shifted along its slide until the intensity of the illumi¬ 
nation of tho slits 1 and 2 (say) was equal, the reading on the scale 
opposite tho edge of the plate was then noted, a series of values was 
taken and the mean value calculated. The scale was so placed that 
the scale reading gave the distance from the end of the strip corre- 
















Absorption of Rontgeris Bays by Solutions of Metallic Salts. 419 

•ponding to the thin edge of the wedge in the photographing apparatus, 
in terms of the whole length of the wedge. 


llemlts . 



Weight (m grams) of 
annydrous salt in 

100 c o of normal 
solution 

Thickness (m mm ) of 
normal solution neces¬ 
sary to produce the 
same absorption as 
20 mm. of water. 

Bromides — 

Magnesium. 

9 2 

6*2 

Calcium. 

10 0 

6*5 

Sodium . 

10*3 

5*0 

Iron (Ferrous) .... 

10 8 

4 8 

Cadmium ... 

13 ‘6 

4*1 

Potassium. 

11 9 

4 l 

Ammonium. 

9 8 

4*1 

Zinc. 

11 3 

2 0 


Then results were obtained by method 2. The absorption both of those and of 
the iodides is rather too high to make great accuracy possible. 



Chlorides — 
Lithium .... 
Sodium .... 
Potassium .. 
Ammonium . 
Magnesium.. 
Calcium .... 

Cobalt. 

Iron ( Ferric) 

Nickel. 

Zinc. 

Copper. 

Strontium... 
Barium. ... 
Cadmium... 
Lead. 


Iodides *— 
Magnesium.. 
Calcium ..., 
Sodium... •, 

Zinc. 

Ammonium . 
Potassium. • 
Cadmium.. 


Weight (in grams) of 
anhydrous salt in 
100 c.c of normal 
solution. 


4 3 

6 *9 

7 5 
6-3 
4 -8 
fi'5 
0-5 
6-4 
6*5 
G 8 
6-7 
7 0 

10 1 
9 I 
13-9 


23 8 

u e 

149 
16*9 
14 4 
16 '5 
18*3 


Thickness (in mm ) of 
normal solution noces- 
sury to produce the 
same absorption os 
20 mm. ot water. 


18 l 
18 0 
17 8 
15 l 
13 4 
11 2 
0*0 
8 3 
8*3 
8 2 
7 2 
« 3 
5 4 
fi 3 
2 0 


3 6 
3 4 
3*1 
8 '9 
3*9 
8*8 
1 9 
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Weight (in grams) of 
anhj drous salt in 

100 c.o. of normal 
solution. 

Acetates — 


Aluminium (powder),.. 

6 8 

Iron (powder). 

8*7 

Calcium. 

7 9 

Potassium. 

9 8 

Barium.. 

ia -7 

Copper. 

9*0 

Lead. 

16 *2 

Nitrates > 


Aluminium. 

7-1 

Magnesium. 

7*4 

Calcium.. 

8*2 

Potassium. 

10*1 

Cobalt. 

9*1 

Nickel. 

0-1 

Zinc. 

9*4 

Copper... 

9 3 

Barium... 

13 *0 

Strontium*. ♦......... 

10*6 

Cadmium. 

11*8 

Lead. 

16*6 

Uranium... 

14*2 

Sulphates:— 


Aluminium. 

5*7 

Magnesium. 

6*0 

Sodium.. 

7*1 

Ammonium. 

6 6 

Cobalt. 

7*7 

Iron (Ferrous). 

7*6 

Copper .. 

7*9 

Nickel. 

7*7 

Zmo... 

8*0 

Cadmium . 

10 *4 

Carbonates *— 


Ammonium... 

4*8 

Sodium. 

5*3 

Bichromates i— 


Ammonium. 

12 *6 

Potassium (saturated 


solution). 

• • 

Potassium chromate 

9*7 


Thiokness (in mm.) of 
normal solution neoes. 
sary to produce the 
same absorption as 
20 mm. of water. 


16 *0 
30*0 
10 ‘8 
0-4 
8-2 
7*0 
2'0 


17 *0 
15*2 
12 4 
10*8 
10 6 
8*8 
7 6 

7 8 
6*7 
5*8 
6*5 

8 1 
1*0 


16 0 
15*2 
18*5 
18*0 
8*9 
8*0 
7*1 
7*0 
6*8 
4*6 


18 0 
18 2 


7*3 

8*8 

7*8 


Now proceeding to a consideration of the results obtained, it is At 
once clear that the absorption, in almost every case, in these normal 
solutions, increases with the atomic weight, the higher the atomic 


* Thii salt contained a good deal of impurity, and the value given it therefore 

doubtfuU 
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weight of the elements of which a salt is composed the greater is th 6 ' 
absorption. This effect is most noticeable in the case of bromides and* 
iodides.* In all cases these salts aro absorbent, even when the 
bromine and iodine are combined with the transparent sodium' 
and magnesium. The iodides also aro more absorbent than the- 
bromides. 

Now proceeding to the consideration of tho absorption produced by 
salts with other acid radicles, the differences aro not so marked, but in 
all cases the least absorbent salt is the nitrate, the next the chloride, 
tho most absorbent being the sulphate, this does not agree with the 
order of increase of the molecular densities, or of the atomic weights 
of tho constituents. It would therefore ftppoar that tho absorptive 
power is not entirely dependent on the atomic weight of tho compo¬ 
nents of the acid radicle, or on its molecular density; tho ordor in 
tho first caso being ( 1 ) nitrates (N « 14), ( 2 ) sulphates (ft = 32), and 
(3) chlorides (Cl « 35*5), ( 2 ) and (3) being nearly equal. While in 
the second place the order should be* ( 1 ) Chlorides (Cl - 35*5), ( 2 ) 
sulphates (S0 4 = 48) (3) nitrates (N 0 8 = 62), while the order 
actually observed is (1) nitrates, (2) chlorides, (3) sulphates. 

Acetates are slightly less absorlxmt than chlorides, though the 
number of salts triod is small; only four giving results to which 
weight can bo attached, since aluminium and iron wero simply powders 
in suspension and partially precipitated. 

It now remains to be seen if there is any definite connection between 
the equivalent weight of the bases composing the different Balts and 
their absorptive powers. Their order may be written down as 
follows:— 

In ascending order of absorption— 


Lithium . 

(7)' 

9. 

r Nickel 

(586) 

Magnesium 

.. (24)" 

10 J 

Copper . . 

. (63)'' 

Aluminium . 

. (27)"' 

11. 

.Zinc . 

.. (65)'' 

Sodium ... 

•• (23)' 

12. 

Strontium .. 

... (87)" 

Calcium . . . 

. W 

13. 

Barium 

... (137)'' 

Potassium ... 

. (39)' 

14. 

Cadmium . . 

... (111*7)' 

Iron. 

... (56)" 

15. 

Lead. 

... (206)" 

Cobalt. 

. (58 6)" 

16. 

Uranium .. 

... (240)'" 


The metals bracketed together have vory noarly the same absorp¬ 
tive power. The order given above does not agroo very noarly with 
the order of incroase of equivalent weight; it agrees more closely, 
however, with the order of increase of atomic weight. It is to be 
noticed particularly, that the salts of the alkali metals are less absor¬ 
bent than might havo been expected from their equivalent weight, also 

• E. SehrwaJd, ‘BeiblAtfcer* (1897), p. 04. 
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that in the calcium, strontium and barium group the amount of 
•absorption does not increase rapidly with the increase in atomic weight. 
It may therefore be generally stated that the absorptive power of 
.salts having different bases, but the same acid radicle, increases with 
the atomic weight of the metal forming the base, though not accord* 
ing to any definite law. 

This agrees with the results obtained by Dr. Gladstone and Mr. 
Mibbert. 

Effect of Rays of different Penetrative Powers . 

As stated above, the penetrative power of the X rays used did not 
have much effect on the apparent relative absorptive powers of the 
different solutions, but as a still further check on the power of the rays 
used, the time taken for the developer to bring the strip on the plate 
photographed, through 20 mm. of water, to sufficient density (allow¬ 
ance being made for the temperature) was always observed, and if this 
differed much from that necessary on a normal plate, the experiment 
was repeated. Measurements made on these rejected plates, however, 
showed that within limits of experimental error, there was no differ¬ 
ence between absorptions thus obtained and those calculated from mea¬ 
surements made on fully exposed negatives. Measurements were also 
made using rays of different penctrativo power, and developing for the 
same time; but the plates obtained admitted of only such rough 
measurement that here again no differences were detected, the strips 
being either too dense, or the differences in intensity at the two ends 
corresponding to the thick and thin ends of the wedges being too 
slight, to admit of accurate photometry. It may be stated generally 
therefore that the rays of different penetrative powers do not appear 
to have any effect on the relative absorptive powers of the different 
solutions. 

Effect of Strength of Solution. 

In order to determine the effect produced by ufling solutions of dif¬ 
ferent strengths, a number of measurements were made on various 
salts: (1) Lead acetate, (2) potassium bromide, (3) iodine in potas¬ 
sium iodide, (4) nickol chloride, (5) sodium thiosulphate (strong solu¬ 
tion). 

Curves are plotted below showing tho relation between the amount 
of salt in solution and the thickness necessary to produce tho same 
amount of absorption as 20 mm. of water. From these numbers it is 
clear that the amount of absorption is not proportional to the number 
of molecules of the salt traversed by the ray, and does not appear to 
follow any simple law. The connection appears to be logarithmic from 
the shape of the curves. 



Absorption of R&ntgtris Roys by Solution* of Metallic Salts. 423 







424 


I»rd Rlythswood and Dr* E. W. Marchant. 


Thickness of Solution necessary to produce tho same Absorption as 
20 mm. of Water. 


Strength of 
solution. 

Potansium 

bromide 

Lead 

acetate. 

Iodide in notftti 
mum loctido. 

Nickel 

chloride. 

N. 

■MNH 

■MH 


8 2 


■ 

H 1. 

■ 

11 O 





H 0 





10 0 

N /10 . 

110 

9-3 

8 3 

— 

v . 

2xN . 

6 x N . 

Sodnun 
thioaulplmto 

10 -0 

8 5 

7 6 





EffeU of Thu knew of Solution tutcwsrd. 

Various experiments have been made m order to verify the state¬ 
ment made by Messrs. Gladstone and Hibbert and others* that the 
amount of absorption vanes logarithmically with tho thickness travorsod 
by the ray— 

r - log(M + p), 

where r * percentage of the rays absorbed by the solution under con- 
sideration. Tho results obtained appear to confirm their conclusion. 
As a preliminary experiment, the intensities at different distances 
along the strips on throe of the plates above considered were carefully 
compared with the intensity of the strip photographed through 20 mm. 
of water. Now proceeding to consider these results — 

Let A 0 bo tho original intensity of the X rays. 

Ai the amount of tho rays absorbed by the water. 

A 2 tho amount of the rays absorbed by a given thickness of the 
solution. 

Xi be the coefficient of absorption for water, 
be tho coefficient of absorption for tho solution. 

Then the intensity of the strip obtained by passing the rays through 
20 mm, of water is proportional to A- Ai, and the intensity of the 
photographic imago at the distance along the strip corresponding to 
the given thickness of the solution to A - A-i, and for the relative 
intensities of the photographic images (K2X we have 

* A. Buguet, 1 Coropte« Rendu*/ vol. 126, pp. 80S—400* F. R6, toe o&. 
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_ A - A- 
- A-A,' 

or, according to the above assumption, 

K, - 1 

1 - Jog(A j / J +/z 1 ) 

If K 8 K 4 , &c., are the values of K corresponding to the different 
thicknesses t it &c., of the solution, we have 

Kj {1 - log(X^i-h/Ji)] — 1 - log (A + //j), 

Ka [ 1 - log (A]/j -f /xj)} -= 1 - log (A Jj r pi). 

1 -I°g('Vi +/*i) is a constant for any one plate - C (say), hence, 
subtracting, 

The v*ilue of /x however (being that }wirt of the abruption produced by 
the walla of the cell and the air traversed) is known to be very small 
eompaiod with A/, and mu) therefore in a first approximation be neg¬ 
lected. The above equation then reduces to 

C (Kj - I\ 3 ) - log ^ =5 log - log /> 
t » 


Below are given the results for the three plates used m the lest 
experiments The relative intensities wctc obtained by means of an 
arrangement similar to that described for the determination of iho 
relative intensities of the spots on the photographic plate in method I; 
but arrangements were made to bring the illuminated images nearer to 
each other to enable more accurato comparison to be made. 

The errors, when all precautions were taken, were not greater than 
6 per cent, for the determination of the relative intensities, iorre- 
eponding to 3 per cent, on the determination of the distances of the 
source of light necessary to produce equal illumination 

In the following table— 

Column 1 gives the thickness of the solution tjaversed bv the X ra v \s 
in millimetres. 

„ 2 gives the logarithms of these thicknesses, to l>aso 10. 

„ 3 gives the differences of the logarithms. 

„ 4 gives the intensity of the image photographed through the 

thickness of the solution given in column 1, in terms of 
the intensity of the image photographed through 20 mm. 
of water. 

„ 5 gives the differences of these intensities. 

„ 6 gives the ratio of the differences of the logarithms in 

column 3 to the differences of the intensities in column 5 
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It is dear therefore that if the logarithmic law holds, the numbers in 
column 6 should be equal for any given plate. 


Nickel Chloride N/8 Solution. 


1 

| i m mm 

log. 

Diff. 

K. j 

1 

Diff. 

| Ratio 

1 3*3 

5*0 

8-4 

16*0 

0-519 

0-099 

0 924 
1-204 

0'18 

0 *225 
0-28 

» 

2*4 

1-8 

1-0 

0-5 

0-fl 

0-8 

ooo 


The value of C therefore = 0*36. 

And since C = 1 - log (Mi) log Mi = 0*64 
and since T — 20 mm. X x = 0*22 (for water). 


Potassium Bromide X/10 Solution . 


t in mm. 

l 

log I Diff 

1 

E. j Diff. 

! 

Ratio. 

3 3 

50 

8‘4 

11*0 

0-519 

0 699 
0*924 
1-042 

0 18 
0*225 

0 128 

2-4 

102 

1-30 

1-0 

0-48 

0-60 

0*36 

0-87 

0-40 

0-36 


The value of C = 0 38. 

And since C * 1 - log (Xj/j) log (X^) = 0*62. 
and since T ~ 20 mm. Xj =* 0 21. 


Sodium Thiosulphate , 2XN. 


t in min 

log Diff. 

K. 

Diff. 

Ratio. 

3-3 

6 0 

6 7 

8 5 

0 610 ! o 18 

0600 0127 

0-826 1 

0-929 1 0 103 

2-85 

2-0 

1-44 

1 0 

0 85 

O 66 

0 44 

0-47 

0-44 

0-43 


The value of C « 0*45. 

And sinco as above O » 1 —logfX^i) log(X 1 f 1 ) ~ 0*56. 
whence (as above) X] » 0*18. 


It will be seen, therefore, that the value of X was not constant for 
water, and hence not for solutions, if they obey the same laws. This is 
confirmed by observations made on plates where the penetrative power 
was not sufficiently great to give a dense, photograph. The variation 
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in the intensity of the photographic image, according to the thickness 
of the solution traversed, appearing to be much less than with rays of 
greater penetrative power, although, as stated above, the thickness of 
the solution necessary to produce the same amount of absorption as 
20 nun. of water was constant within limits of experimental error.* 
This agrees with the observation of M. Buguefc (lor, at.). The 
values of A for the different solutions have not therefore been calcu¬ 
lated. 

The value of fx for the apparatus used would (from the comparatively 
close agreement with theory of the above numbers) seem to Ihj 
negligible. 

The results given above show that the logarithmic law is at any rate 
approximately true. 


Conclusions. 

1. The absorption produced by normal aqueous solutions of metallic 

salts having the same acid radicle, increases with increase of 
atomic weight of the base. 

2. Metals belonging to the alkali group arc not very absorbont, 

neither are those belonging to the calcium, strontium, and 
barium group, their atomic weight being taken into con¬ 
sideration. 

3. Bromides and iodides of the metals are all highly absorbent. 

4. With the three common acids, the order of increasing absorptive 

power is nitrate, chloride, sulphate. 

D. The absorption producod by a salt is dependent mainly on the 
atomic weight of its constituents. 

# Considering this statement in the light ot the known facts with regard to the 
photography of the bones of the hand, it will be seen that facts are not in contra¬ 
diction to the conclusions drawn from these experiments. With rays of low pene¬ 
trative power, the whole hand appears dark though the screen appears light 
(assuming X large for the flesh and much larger for the bones), the reason being 
that both the flesh and bones absorb nearly all the rays. Assume, for example, that 
for this penetrative power the flesh allows only 1/100 of the light to pass and the 
bones 1/1000. Now, using rays of greater penetrative power wo may assume that 
the flesh will allow l/10tli of the light to pass while the bones will only allow 
l/100th to pass. The bones will now be faintly visible. Pushing the penetrative 
power still further, assume that the flesh now allows half of the light to pass, the 
bones will allow only l/20th, and will be very sharply defined With still further 
exhaustion of the tube the flesh may now be assumed to allow 9/10tha of the light 
to pass, while the bones still only allow 1/llth; and, as is known, at this stage the 
bones themselves begin to appear transparent. 

At the same tune it is not assumed that the ratio of the absorption for the 
diflhrent salts dees remain constant throughout this very wide range, but that the 
foot that the ratio of the absorptions appears to remain constant through a limited 
range while the actual absorption may differ appreciably through this range, is not 
in contradiction to other observations. 
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6. The amount of Absorption produced by a given thickness of a 

solution of a metallic salt is not proportional to the amount of 
salt in solution, but appears to follow approximately a loga¬ 
rithmic law. 

7. The amount of absorption varies logarithmically with the thickness 

of tho solution traversed by the rays. The percentage absorp¬ 
tion may be represented by an equation of tho form r « log 
(A7 + /x) where X is a constant depending on the nature of the 
solution, and on the penetrative power of the X rays, and / is 
the thicknoss of the solution traversed. 

It is to be noticed that all the abovo tables and conclusions are based 
on measurements made with solutions containing the equivalent weight 
of the salts, in grams per litre, so that the molecular absorption of the 
salts with divalent or trivalent bases is greater than that indicated in 
the tables. 

The conclusions 1, 5, and 7, gnen above, are in exact agreement 
with those stated by Dr Gladstone and Mr ILihbert in their .utules 
in the 4 Chemical News * (Joe. ut ). 

Numerous references have been made throughout this paper to their 
articles and reports before the British Association, though it was not 
until the above investigations were nearly completed that attention 
was drawn to the work that had been done by them. 


** On tho liesistance to Torsion of ceitain Foims of Shafting, with 
tq>eeial Inference to the Effect of Kcyways." By L. N. G. 
Filon, M.A , Kesearch Student of King’s College, Cambridge, 
Fellow of University College, London, 1851 Exhibition 
Science Heaoarrh Scholar. Communicated by Professor M. 
J. M. Hill deceived June 1,—Read Juno 15, 1899. 

(Abstract.) 

Tho object of the present paper is to obtain solutions of tho problem 
of Torsion for ceitain cylinders, whose cross-sections are bounded by 
confocal conics. It is mainly an extension of do Saint-Venant’s in¬ 
vestigations, and is based upon his general equations of torsion. 

The method employed depends upon the use of conjugate functions 
£ and »/, such that £ - const, represents confocal ellipses and r/ ~ const, 
confocal hyperbolas. 

The use of conjugate functions for the torsion problem has been 
suggested by Thomson and Tait, # by Clebsch,t and by Boussinesq.} 

• 1 Natural Philosophy/ 

t ‘ iTieone der KksticitAt fester Ktirper,' §§ 33—415. 

J 1 Journal de Mathematiques/ pp. 17J—186, s£rie 3, vol. 6. 
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detach has used such elliptic coordinates to solve the torsion problem 
for hollow cylinders bounded by confocal ellipses, and de Saint-Venant 
has applied conjugate functions to the same problem for shafts whoso 
sections are sectors of circles ; curvilinear co-ordinates have also been 
employed by Mr. H. M. Macdonald,* but I am not aware that the 
actual solution has yet been obtained for sections bounded by both 
ollipses and hyperbolas. 

Tho work proceeds on lines analogous to those developed by Saint- 
Venant himself m his solution of the problem of torsion for the cylinder 
of rectangular ci oss-soction. Tho strains and stresses are expressible 
m terms of infinite senes involving circular and hypoibohc functions. 

The boundaries of the section are given by constant values of £ and 
’ 77. The values of £ are taken to bo ± a. 

The conditions from which the unknown quantity w (the shift par 
allel to the axis) is determined are 

dhvjdx 1 -h tPw/dy 2 = 0 
throughout the sections; and 

dwfdn + (mx - Iij)t =* 0 

along the boundary, whore tin ** an element of the outwards normal to 
tho boundary, r is the angle of torsion per unit length, and /, m are the 
direction-cosines of dn. 

Now iu the present case 


dn - ± d£ x (c ^J) 

whore J = 30, ^jj 3(£, r/,) at the boundary where £ = const, and 
dn « ± dr) x (r, JJ) 


at the boundary where y « const., the sign being determined so that 
dn is positive. 

By adding suitable terms to w t we can reduce one or other of the 
boundary conditions to the form 

dwijdn « 0 

whore tv *» v) t + suitable terms. 

Suppose we make 

dwjd£ a# 0; £ *» + a. 


Expanding now w\ in the form of a series, 


I” A * “ ‘ { TT*** + *> I"" 


• u On the Torsional Strength of a Hollow Shaft," ‘ F*oc. Oatnh. Phil. Soo., f 
Tol. 8,1893, pp. 62 et teg. 
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the differential equation and the first boundary condition are identi¬ 
cally satisfied. 

When this value is substituted in the second boundary condition, wo 
get an equation expressing a given function of £ in a series of sines of odd 
multiples of ir£/2a, between the limits + a and - a. 

But such an expression can be definitely obtained by a method 
analogous to that for Fourier’s series. Comparing coefficients, wo 
obtain relations which determine completely all the constants in the 
expression of 

w is then known. The shoars and torsion moment are then deduced 
by differentiation and a double integration. 

The cross-sections which are dealt with in the present paper, arc of 
very great generality, and they include as special cases many of tho 
cross-sections which Saint-Venant has workod out, for instance the 
rectangle and the sector of a circle. 

The first section of which I treat is that bounded by an ellipse and 
two confocal hyperbolas. Although the analysis is worked out for tho 
case where the two hyperbolic segments are not symmetrical, I have 
not given any numerical examples of this case, as the sections obtained 
by taking two hyperbolas curved the same way do not correspond to 
any interesting practical case: the section is too broad at tho ends and 
too narrow at the bond, to bo any fair representation of the angle 
iron. 

The section bounded by an ellipse and tho two branches of a con- 
focal hyperbola is, on tho other hand, an approximate representation 
of a well-known section, much used in engineering practice, the rail 
section. This section I have worked out for various values of tho 
eccentricity of the ellipse, and of the angle between the asymptotes of 
the hyperbola. The four sections whero this angle is 120° give the 
best representation of the rail section. 

The numerical results are tabulated so as to show the ratio of the 
torsional rigidity of this section to that of the circular section of the 
same area, and also the same ratio for the maximum stress. 

The ratio of these two ratios gives us a kind of measure of the use 
fulness or “ efficiency " of the section. 

In the case of the latter class of sections, I have investigated at 
longth the position of the fail-points^ or points of maximum strain and 
stress, tho maximum strain, in the case of torsion, being coincident 
with the maximum stress. It is found that for the two smaller ellipses 
the maximum stress occurs at the point B, where the seotion is 
thinnest. For the two larger ellipses, the maximum stress occurs at 
four points, F, F, F, F, symmetrically distributed round the contour, 
and lying on the broad sides of the section. The critical section, 
when these two cases pass into one another, can be calculated, and is 
shown in the paper. 
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Tho changes in the sfcrosses are shown by curves accompanying tho 
paper, in which the abscissa represents the quantity a, whoso hyperbolic 
cosine and sine are proportional to the major and minor axes of the ellipse 
respectively, and in which tho ordinates represent the stresscR at A, B, F, 
divided by tho maximum stross of tho circular section of equal area. 
The curves are, in certain parts, only loughly drawn, but they suffice to 
show the manner in which the stiesbes vary. It is seen that the sties* 
at B separates from tho maximum stress aftor the critical value a -- 
1*225, and gradually diminishes, compared with att oases at A and F. 

This result might have been expected from tho investigations of do 
Sftint-Vcnant upon certain sections bounded by curves of the fourth 
degree. 

These investigations appear, however, not to have been sufficiently 
noticed. Thomson and Tait in their 1 Natural Philosophy,’ and 
Boussiuesq in hi& researches on Torsion,* both conclude that the fail- 
points are at tho points of the cross-section nearest to tho centio, and 
Boussinesq even gives an apparently general proof of this proposition 
His proof, however, is subject to coitam lestrictions, which T point out, 
and which prevent it from l>emg applied to tho sections I am dealing 
with. 

Tho sections are sensibly loss useful than the circular section, their 
torsional rigidity being always diminished and the maximum stress 
very often increased. This remark, 1 rnay add, applies to all tho 
sections dealt with in this paper. 

This usefulness or efficiency decreases as tho neck of tho section 
liecomcH more narrow, as indeed might have been anticipated 

Other sections worked out arc those corresponding to angles between 
the asymptotes of 90", 60°, and 0 J , in tho latter ease tho sections 
degeneiate into ordinary elliptic sections, with two straight slits or 
indefinitely thin keyways, cut into them along the major axis, as far as 
the foci. The stress at the foci, however, is then theoretically infinite 

It is interesting to see how, as wo make the bend lound the foci 
sharper, the values of a, for which tho two fail-points break up into 
four, become larger and larger, until, when tho angle Jietwceu tho 
asymptotes of the hyperbolas is less than 73°, tho greatest stress always 
occurs at the neck of the soction 

The limiting case of such sections, when the angle l>etwoen tho 
asymptotes is very small, and the eccentricity of tho ellipse nearly unity, 
the distance between the foci lieing very great, gives us the rectangle. 

I then pass on to the section bounded by one ellipse and ono confocal 
hyperbola. In the limiting case, when the foci coincide, wo obtain the 
sector of a circle. Of this I have worked out numerically three cases, 
in each case taking two ellipsos. 

1. The semi-ellipse. 

# * Journal do Mathlmatiques,' s^rie 2, yoI Id, p. 200. 

VOL. LXV. 2 K 
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2. The ellipse with a key way cut into it of the shape of b rectangular 
confocal hyperbola. 

3. The ellipse with a single slit cut into it. 

The most striking of the results is m reference to the reduction of 
the torsional rigidity of the ellipse in case (3). This reduction of 
ligiditydecreases rapidly as the depth of the notih decreases. 

Tho rigidity, which is reduced by as much as 23 per cent, when the 
depth of the key way is as great as 0 6 (semi-major axis), falls to about 
1 pei cent when this depth is O'12 (somi major axis) 

Possibly this may throw Romo light on the tact that tho effect oi 
(Utting such slits into tho material docs not always give in practice 
tho reduction in tho torsional rigidity which should ha\o been expected 
from Saint-Vcnanl's results for tho circle. Clearly the depth of the 
key way is a factor of the very first importance, and key ways of mode¬ 
rate depth will produce a comparatively small effect on tho torsional 
rigidity* 

It is also shown that tho effect of cutting two equal and opposite 
slits is practically equal, in the two cases which l have calculated 
(namely a - tt/6 and a = rr/2), to twice tho effect of a single slit. 

It Hoemfi, therefore, that the study of theso sections bungs to light 
several interesting facts in tho theory of elasticity, and will well repay 
the trouble involved in dealing with the long and somewhat tedious 
algebra and arithmetic which lead to these results. 


Xov/'tnba 10, 1899. 

The LORI) LISTER, F.R.C.S., D.C L. f President, in the Chair. 

Professor W. F. Barrett and Mr. J. 8. Gamble were admitted into 
the Society. 

A List of the Presents received was laid on the table, and thanks 
ordered for them. 

In pursuance of tho Statutes notice of tho ensuing Anniversary 
Mooting was given from the Chair. 

Professor Meldola, Professor Perry, and Dr. R. H. Scott were by 
ballot oloctcd Auditors of the Treasurer’s accounts on the part of the 
Society. 

The following Papers published during tho recess, in full or in 
abstract, in accordance with the Standing Orders of Council, wore read 
in title *— ' 
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Proceedings ami List of Papers read. 

Sir J. B. Lawks, F.R.S., and Sir J. H. Gujikut, F.R.K. Agricultural, 
Botanical, and Chemical Results of Experiments on the Mixed 
Herbage of Permanent Grass-land, conducted foi many Years in 
succession on tho same Land. Part III.—The Chemical Results. 

Dr Warms BrrxiK On the Orientation of tho Temples and Pyramids 
m tho Sflditn. Communicated by Sir Norman Lockyru, F.RS 

Dr. H. M VruxoN Tho Effect of StalcncRsof the Sexual Cells on tho 
Development of Eclunoida 

W. Edmunds. Effects of Thyroid Feeding on Monkeys 

Sir W. ThtnkrtovDykh, F R.S. On the Influence of the Temperature 
of Liquid Hydrogen on the GerminaUvo Power of Seeds 

Tho following Papers wci c read — 

I “Note on the Elcctiomotive Force ot tho Organ Shock,mid on 
the Electrical Resistance of the Organ, in Main pin mu x <]a- 
films” By Professor F. Gotcit, F.US., and G. J. Brum. 

II. “On the Formation of tho Pelvic Plexus, with especial Rcfoience 

to the Nciviw Collector, m the Genus By R. C. 

PuNNErr. Communicated by l)r. Gadow, F R S. 

• 

III. “On the Least Potential Difference required to produce Dischaige 

through vanous 011808 .” By the Hon. R. «J. Stkdm. Com¬ 
municated by Lord Rayrkicii, F RS. 

IV. “Mathematical Contributions to tho Theoiy of Evolution. Vll.— 

On certain Formulas in the Theory of Correlation, and their 
Application to tho Inheritance of Characters not capable of 
Quantitative Measurement.” By Piofessor Kvur Pkuison, 
F.R.S. 

V “ On tho Propagation of Earthquake Motion to Great Distances.” 
By U. D. Ordham. Communicated by Sir 11 S Ball, F.RS. 

VI. “An Experimental Research on some Ktandauls of Light” By 
.1. E. Pktavhr Communicated by Lord Rayrkicii, F.R.S. 


2X2 
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*‘ Note on the Electromotive Force of the Organ Shock and the 
Electrical Resistance of the Organ in Malapterurus elcctricm.” 
By Fhancis Gotch, M.A., F.R.S, and G. J. Buroh, M.A. 
Oxon. Received July 18,—Read November 1G, 1899 

(From tlio Physiological Laboratory, Oxford ) 

Eh ctromrtrr lieconls of thr Organ ShorL 

In the month of March of the present year, 1899, the Committee of 
the Corporation Museum, Liverpool, kindly placed at the disposal of 
one of ns (F. G.) two living spocimons of Mafaptmit tin cfactnrvs. They 
woio exhibited at a lecture delivered in London at the Royal Institu¬ 
tion on March 17. One of the fish died from accidental injury, the 
other was employod by us for the purpose of determining the electro¬ 
motive force of the organ shock, ami for investigating such other points 
of interest as were feasible 

We decided to employ for tho determinations the special capillary 
electrometer made by one ot us (G. J. B.), which we had utilised in our 
researches upon tho electrical phenomena of nerve * Our previous 
work upon the organ of Mahiptnuuis tendered it certain that consider¬ 
able precautions would have to lie adopted^ in connection with this 
instrument, since it was a much more sensitive one than those we had 
used m tho researches described in our previous paper upon the sub¬ 
ject t It was therefoio first necessary to make a number of prelimin¬ 
ary experiments in order to roduce tho extent of any excursion due to 
the organ shock within such limits that it could ho recorded. Soveral 
trials with different voltages resulted in our employing a non-inductive 
shunt of three incandescent lamps; these were placed in parallel be¬ 
tween the electrometer connections and had a combined resistance of 
2GG ohms. We diminished the size of the record still further by re¬ 
placing the high objective of the projecting microscopo by a lower 
jiower, Zeiss, B. 

Our previous experiments made m 1895 showed us that the organ 
shock developed so rapidly that tho records then obtained wore all too 
steep to admit of accurate analysis. It seemed certain, therefore, that 
the recorded curvos, due to tho rise and fall of the meniscus, would 
have to be of a moro prolonged type in order that the rate of develop¬ 
ment of the electromotive force of tho shock might be deduced from 
their analysis. 

In the hope of obtaining curves of a sufficiently prolonged character, 
both the physical and the physiological conditions of experiment w?re 


• ' Boy, Soo. Froc.,' rob 63, p. 300, 1898. 
t 'Phil. Tnm«.,' B, vot. 187 (1896), p. 347 
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modified; the rate of transit of the photographic plate upon which the 
image of the mercurial meniscus was projected, was made much quicker, 
whilst the whole organ of the fish was effectually cooled to a low tem¬ 
perature, 5° C. 

As we had only ono fish, wo made several attempts to catch a mord 
of the natural discharge of the organ upon the ti a veiling plate It 
was found, however, to lie practically impossible to do this, snue the 
reflex responses obtained from the uninjured fidi weio not merely un¬ 
certain as to their time of commencement but also veiy a amble as to 
their intensity. 

Wo determined, therefore, to kill the fish and utilise the nerve 
organ preparation for the purpose of obtaining the nccosbary data 

A further consideration induced us to take this corn sc Determina¬ 
tions made upon an entire tish must be of little value for the calculation 
of the E M F. of the change produced m each excited disc, owing to 
the complicated physical conditions of an experiment made under these 
circumstances On the other hand it appealed to bo easy to cut an 
organ strip and arrange it so that the distance between the contacts, 
which connected it with the electlomotur, should be peifoctly definite , 
moreover, with such a strip the numbci of discs comprised in the actual 
distance betweon the contacts could be enumerated aftoi the experi¬ 
ment by examining appropriate sections made through tho whole ol 
this portion of the organ. 

The fish was therefore anaesthetised by immersion in ice-cold water 
and then killed. A strip of the organ was now detached and the nerve 
carefully dissected out \ this nerve organ preparation whs placed upon 
a glass plate in a spocial moist chamber kept at a utnfoiw temperature 
of 5* C. The nerve was excited by a single break induced current of 
such an intensity as our previous experience had shown to I>e neces¬ 
sary in order to evoke a maximal organ i espouse (Kronecker coil with 
core, ono Daniell in primary, secondary at 10,000). The break induc¬ 
tion shock was produced by tho movement of tho recording pendulum, 
and was so timed as to occur when the photographic plate carried by 
the pendulum reached the slit upon which the imago of tho meniscus 
was projected. The electromotor contacts wore so placed as to lie 15 
mm. apart upon the thickest portion of tho organ Thirteen photo¬ 
graphs were taken, of which two (Nos. 3012, 3013) gave excellent 
records suitable for accurate analysis. In tho first of these (3012), a 
facsimile reproduction of which is shown in fig. 1, the three-lamp 
shunt was placed between the electromotor terminals. In tho second 
record (3013) the two-lamp shunt was employed. 

The response in both these experiments was very marked, and, 
owing probably to the low temperature, was more delayed in its onset 
and slower in its development than we had anticipated. 

Alter comparatively few successful experiments the excitability of 
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the nerve suddenly failed, and it is interesting to note that this failure 
was attended by inability of the organ to respond when a stimulus was 
applied either to the nerve or to the organ substance. It has been 
recently pointod out by Garten that if the cloctrieal norves of Torpedo 
are divided in the living fish, and the fish examined nineteen days after¬ 
wards, by which time degeneration of the peripheral portion of the 
nerve has occurred, no response can be obtained from the organ by 
any stimulus whether applied to tlie norvo or directly to the organ 

Fig 1 




Tho upward curve in tho lowest line is a record (No. 3012) of the single shock oi 
15 nun. of electrical organ evoked by a single excitation of the nerve. The 
curve is to be read from left to right, the moment of excitation being indicated 
by the commencement of the larger vibrations on the ftno middle line. The 
rate of movement is shown by the tuning-fork record on the upper line, eaoh 
complete oscillation of which is 0’002° The electrometer terminals were con¬ 
nected by a resistance of 26'6 ohms, which thus shunted a largo proportion of 
the organ effect 


substanco.* These results and the failure referred to in the present 
instance support the view put forward in our previous paper, that the 
only excitable structures in the organ are the nerve endings, the Organ 
discs apart from these nerves boing inexcitablo.f 

The Analysis of the Photographic Records, 

The methods used for obtaining data for the analysis of the records 
differed somewhat from those employed in our previous experiments 
upon nerves. 

* Garten, * Centralbl. f. Physiol./ vol. 13, No. 1, p. 1* 
t ' Phil. Trans./ B, vol. 187 (1806), p. 881. 
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Since the constants of this particular electromotor had 1>een accu¬ 
rately determined, it might have appeared feasible, after measuring tho 
resistance of the preparation and the resistance of tho shunt, to calcu¬ 
late tho E.M.F. of tho Mahptnmus shock dnectly from the photo¬ 
graphic record. Such a method would not, however, have been satis¬ 
factory, owing to tho character of tho experimental conditions obtaining 
in the present research, and it was deemed pioforablo to obtain the 
comparison curves given by an E.M.F. nearly compaiablc with that of 
the organ response, for the following reasons. Tho meniscus of the 
electrometer indicates the E.M.F. acting upon it at any moment, 
partly by its position above or below zoio, and partly by the velocity 
with which it is moving at that instant, the position being zneubured m 
divisions of an arbitrary scale, and the velocity by the subnormal to 
the curve, expressed m polar co-oidi nates. But tho ratio Iwtweon the 
value of a division on the subnormal and a division on tho scalo varies 
with tho resistance in circuit, and is consequently affected by the use 
of a shunt. Obviously, therefore, the simpler method, and tho one 
least open to objection, was to photograph the normal excursion given 
by an E.M.F. not many times smaller than that of the organ response 
through a circuit as nearly as possiblo similar to the actual one, t./\, 
through an equivalent resistance and through the identical shunt 
The organ itself could not be employed for this purpose, because even 
if it gave no response to such a stimulus, the possible effects of electro¬ 
lytic polarisation might impart to the reconl time-relations different 
from those of a normal excursion 

We therefore carefully measured the resi&tanco of tho preparation 
with the leads in tho position employed m obtaining tho curves referred 
to previously (No. 3012 and 3013 ); wo thon substituted for it an 
equivalent non-polarisable, non-inductive resistance, and photographed 
the excursions given on throwing in a constant E.M.F. of 9 volts 
through this circuit with a shunt of tliree-lnmps for comparison with the 


Fro. 2. 
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organ shock curve, No. 3012, and a shunt of two-lamps for comparison 
with the other curve, No. 3013. The curves were then analysed by 
the method described by one of us. 

Both curves gave the same ratio, namely, 15 cm. on the subnormal 
- 88 Bcale-divisions on the radius vector. With the throo-lamp shunt 
120 scalc-divisioiib - 9 volts. 

These data, applied to the analysis of the organ shock curves, gave 
the results detailed m the annexed table. It will be noted that 
No. 3013, though a much weaker shock, is similar in its time-relations 
to No. 3012. 


Electromotive Force of Shock obtained from 13 mm. of Mulajitnum^ 

fWit mis Organ 


Turn* after ahrnuUn, m 
fractions ot a second 

Electromotive force, in 
volts (No 8012). 

Electromotive force, in 
voLts (No. 3013). 

O 0150 

0 00 

0 Oo 

0*0160 

0-14 

0*00 

0-0170 

1 68 

o-oo 

0*0176 

a oo 

0*00 

0 01N0 

5*20 

0 59 

0-0183 

11 00 


0-0100 

17-70 

4*25 

0 *0195 

19-40 


0 0200 

20 50 

8*60 

0*0210 

22 70 

12 80 

0-0*20 

24 00 

14 90 

0*0230 

25*00 

16*70 

0 0240 

25-10 

16-15 

0-0250 

24-90 

16-60 

0 0260 

23 80 

16*80 

0-0270 

22 70 

i 

0 0280 

20*20 

16-26 

0-0290 

17 70 


0-0800 

14 20 

13*85 

0*0310 

11-70 


0*0320 

8-20 

ll -oo 

0*0330 

6-00 

, 

0 0340 

4 90 

7*85 

0 0350 

3-00 


0 *0360 

2-GO 

5*15 

0 0370 

1*75 


0*0380 

0 79 

3’59 

0-0300 

0*30 


0*0400 

0 00 

2 12 

0-0440 

000 


0 0460 

0-66 

0-00 

0*0480 

1*92 



In fig. 2 the results of one of the analyses (3012) given in the table 
are plotted as a curve. This curve may be compared with that of 
t fig. 1, of which it is the interpretation. The ordinates represent the 
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potential difference between two points, 15 mm. apart, in volts; the 
abscissae represent time-intervals after the moment when the nerve whs 
excited. 

Comparing these results with those quoted on p 384 of om previous 
paper, it will bo seen that the initial delay (0 0170 sec. and 0*0180 sec*.) 
is longer than that obtained in our eailier oxpeiiments (0 010 sec.), 
and also that the duration of the organ response is longer (0'03 ( J0 sec. 
instead of 0*021 sec), although the temperature was nominally the 
same, viz, 5’ C , in both investigations It must, however, be noted 
that in the pievious research the organ was simply laid upon a glass 
stage kept at 5 U C. by water flowing beneath it, whereas m the present 
ease the preparation was completely enclosed in a large chamber cooled 
to 5° C* Undoubtedly the actual temperature of the whole organ 
strip was highei than 5" C. in our earlier work, and we ha\cample 
evidence that in the easo of nerve the timo-i elutions of the electrical 
response are considerably affected by slight changes of tomperutuii 1 at 
or about 5 U C. It should bo further noted thut the tuive now obtained 
is on a much larger scale than any of those referred to m om previous 
research, and in consequence the small l>cginmngs of the use of U AJ F. 
can lie detected at an earlier stage The curve is that duo to the first, 
or initial, response of a senes produced by self-excitation, the com¬ 
mencement of the second member of the rhythmical senes caused by 
such self-excitation is indicated in the plotted curve (fig. 2), but since 
the object of the experiment was to determine the development of the 
initial shock, no attention was paid to the other members composing 
tho organ <lischarge. 

The following points brought out by the analysis must be dealt with 
in more detail.— 

(1) There is no trace of any second phase of opposite sign. This 
characteristic of the organ response is in accord with all previous 
experiments. It is obviously associated with the circumstance that, 
since each disc with its nerve endings forms an independent system, no 
structural basis is furnished for the propagation of tho excitatory 
change from one such system to its neighbours. 

(2) The potential difference between the terminals rises more rapidly 
than it falls (rise, 0*0070 sec.; fall, 0*0160 sec). Since propigation 
in the organ does not exist, the rate of development and of decline in 
the potential difference is the nearest approach yet obtained to the time 
relations of a localised electrical response in an excitable tissue. It is 
magnified by the circumstance that such local response occurs almost 
simultaneously in a whole sories of nerve endings. We regard the 
whole analysis as probably typical of the explosive electrical effect 
which is evoked in nerve endings when these are at 5° C., and are 

* For description of chamber, see Ctotch and Burch, * Joorn. of Physiol.,* vol. 24, 
1600. 
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excited by a single stimulus. The elimination of all propagation owing 
to the structure of the tissue, is a factor of great importance in this 
connection since such complete elimination is, in 6ur opinion, not 
experimentally possible in the case of either muscle or nerve. Both 
the quicker nso and the slower fall may therefore bo rogarded as 
expressions of the character of tho local change m the nerve endings. 

Such a difference between the rate of development and of subsidence 
of tho excitatory explosion was indicated in our earlier experiments, 
although not rofeirod to in our published paper.* In those experi¬ 
ments wo find, on examining carefully twelve different records, the fol¬ 
lowing relation hetwoon tho duration of the two states, development 
and subsidence.— 

Duration of development ^ 265 ^ 81 
Duration of subsidence 326 7 100 

« 

In tho present instanco, possibly owing to the more effectual cooling, 
the more prolonged character of tho subsidence is very conspicuous. 

Thus in the two analysed instances, here referred to, wo find 

Duration of development 7 44 , 8 47 

Duration of subsidence 16 7 100 7 * 17 * ° r 100* 

One other point of interest in connection with tho development of 
tho E.M.F. is the comparatively gradual character of its actual com¬ 
mencement. Tho analysis shows that for 0*002 socond after a 
potential difference can l>o detected, its value is relatively small. 

It might be objected that tho gradual development and still more 
gradual subsidence of the E.M.F. may havo some purely physical 
explanation apart from tho physiological chango in the nerve endings, 
such, for instance, as polarization capacity due to the special structure 
of tho tissue. That this is not the case is clearly proved by experiments 
in which a strong induction shock traversed the organ, which failed to 
excite it hut was itsolf recorded on the plate. We have several 
examples of induction shocks of different intensities, of condenser dis¬ 
charges, and of excursions duo to transient currents through the same 
circuit. In none of theso is there any resemblance to the peculiar form 
of the curve given by the organ response. We are therefore in a posi¬ 
tion to say that the time relations of the orgau shock do not resemble 
those of either induction currents, condenser discharges, or currents of 
short duration from a source of constant E.M.F, 

(3) The duration of the period between the excitation of the nerve 
and the commencement of the organ response (0*017 sec.) represents 
the transmission time of the excitatory state along 40 mm. of nerve 
fibre when cooled to 5° C., this being the distance between the seat of 


* * Phil. Trans.,' B, vol. 187 (1896), p. 847. 
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excitation and the organ strip. It is prol>ablo that the greater part of 
this time is occupied by the slow transmission of the oxcitatory state 
along the finest sub-divisions of the nerve withm the organ noar the 
ultimate nerve endings, all of which were at 5* C. 

(4) The most interesting point in connection with the whole experi¬ 
ment is the maximum E.M.F. attained by the respond given by the 
small portion of organ (15 mm.) investigated \ this amounted to 25 10 
volts in the most favourable instance. 

The contacts were 15 mm. apart, and we convinced ourselves that 
localised excitatory changes in the piece of tissue situated between 
these contacts weie lesponaiblo for the development of the electrometer 
movements when our apparatus was arranged as indicated in the 
opening desu iption. This piece of tissue was subsequently removed 
and appropriately fixed for microscopic examination. Sections were 
then cut so as to display all the discs lying between the points of the 
eloctrode contacts. The recent work of Ballowitz hits shown that the 
nerves do not reach the expanded discs, but end in their caudal stalks. 
The discs themselves aro contained in the lozenge-shaped compartments 
constituting the columns. Those are so situated that one columnar 
row of compartments is dove-tailed into thoso of all its neighbours. 
The result is that the number of discs and stalks in longitudinal series 
is twice as many as the number of lozenge-shaped compartments con¬ 
stituting any given column Enumeration of the successive compart¬ 
ments in a number of different columns throughout the portion of 
organ between the contacts (15 mm. long) gave the following figures: 
260, 265, 262, (fee. It was therefore assumed that the electromotive 
difference of 25*10 volts was prolwibly distributed imifoimly over a 
series of at least 530 discs; the maximum E.M.F. of tho change in 
any one disc, with its nerve endings, would thus be not more than 
0*048 volt. It is of intesest to note that in the sciatic nerve of the 
frog we have obtained an excitatory effect amounting to 0 033 volt. 

(5) The whole organ of the fish measured 12 to 15 cm Tho oxtremo 
ends are thinned down, but it may bo certainly inferred that 12 cm. of 
this organ would be at least as functionally active as tho portion we 
investigated. This would give a development of 200 volts for the 
whole series of organ discs, and even this high valuo cannot bo regarded 
as a maximum for the living fish, since it was evident to us that the 
organ preparation we employed had its functional activity lowered 
both by the low temperature and by the operations involved in its 
dissection. It is worth noting that during the first stages of tho dis¬ 
section carried out on the entire fish cooled in ice-cold water to 
anesthesia, the division of a nerve branch with metal scissors whilst 
the organ was grasped by metal forceps, caused a strong shock to pass 
through the arms of the operator (F. G,), which was felt up to tho 
elbows. 
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It must be self-evident to anyone who makes the experiment that 
the phenomena resulting from the passage of the organ shock through 
the human body are such as cannot be produced by interrupted battery 
currents unless the potential is high It is a matter of common know¬ 
ledge that the shock from a healthy fish will pass through a chain of 
several peoplo holding hands, and will be felt by each, not only in the 
arms, but in the muscles of the chest and shoulders. No battery 
current of 30 or 40 ^ olts through such a circuit will do this, however 
interrupted, unless tho circuit has considerable self-induction, in which 
case the E M F. of tho battery docs not represent the E.M F. of the 
shock, which may greatly exceed it. 

It is, therefore, surprising that D’Arswmd's investigations led him 
to give 17 volts, and that Sc! ion loin gives 31 volts as the maximum 
E.M F. of a Tmpfilo shock. Such low niunliers indicate, we think, 
that the methods used by these observet's were not applicable to 
the measurement of the maximum E M.F. of the shock of an 
electncal organ.* This opinion was stated definitely m our paper, 
and wo here repeat the statement because the photographs now pub¬ 
lished show plainly that the development of tho E M.F. of an oigan 
shock is, at low temperatures, comparatively slow, much less rapid m 
fact than that ot a Imttery current thrown in by breaking a short 
circuit. So far, therofore, as suddenness of change is concerned, the 
electrical organ is, under these conditions, at a disadvantage as com¬ 
pared with a battery current; yet it can produce muscular contractions 
such as can only bo caused by interrupted currents of high potential. 
We are, therefore, constrained to believe that the maximum E.M.F., 
even in Torpedo, will be found to be nearer 200 than 30 volts. At 
any rate the analysis of the foregoing curves indicates that this 
maximum, namely, 200 volts, is attained by the organ shock of Malap- 
tmtm* ekdncun. 

The Eled) iral Ilchistanee of the Elertiieal Organ, 

Owing to the failure of tho organ to respond to further excitation, 
it was imposflible to carry out the other experiments which we had 
contemplated. We therefore decided to make such measurements of 
the electrical resistance of tho tissue as could be effected with the 
apparatus at hand. In the absence of a Kohlrauseh bridge we em¬ 
ployed a resistance-box of the Post Office type, and used the capillary 
electromotor as an indicator. With this instrument it is advantage¬ 
ous to have the bridge arms of the highest available resistance—in 
this case 1000 ohms : 100 ohms—as the current is thereby reduced, 
while the excursions are in no way lessened. For a similar reason a 
shunt is not employed, but the current is derived from a rheocord 

* D’AribiiTftl, * Comptes Reudns/ vol. 121, p. 145,1805 j SchUnlein, * ZeitieK f. 
BioL,* vol. 81 , 11 . F., 13. 
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instead of a battery, the potential being kept low until a balance is 
nearly obtainod. Square blocks of the organ of various dimensions 
were placed oil a glass slip, and broad cables of lamp-wick pasted ovei 
with kaolin and salt solution used to connoet them with the ordinary 
non-polarisablo electrodes. Aftor each measurement the cables were 
joined together without the interposition of the organ strip, in order 
to ascertain the resistance duo to the leads. It was found that the 
variation m resistance of the leads between one experiment and 
another was relatively inconsiderable, the greater pait of the electrode 
resistance being evidently due to the unexposod portions of the non* 
polarisablc olectrodes, i.v , the tubes containing saturated zinc sulphate. 
The direction of the current was reversed from time to time, but such 
reversal was not found to exercise any marked influence upon the results 

The differences in the extensibility and elasticity of the superficial 
and deep boundary walls of the organ offered a difficulty, since it was 
found to lie almost impossible to cut the organ into blocks which 
should bo of the same superficial area on those two aspects Care 
was, however, taken that in every caso the dimension m the direction 
of the longth of the columns (?.<*, head end to tail end) should be, if 
anything, less than that in the direction across the length of the 
columns (u j , transverse). These two dimensions will for brevity )>o 
termed, the first, longitudinal, the second, transverse, the words indi¬ 
cating their relationship to the organ column. 

It must be remembered that tho lino of flow of a current directed 
longitudinally is transverse to all tho flattened discs which are placed 
athwart the columns—whilst that of a current directed transversely 
to tho column is parallel with these thin discs. On piuul fane grounds 
wo should expect that the resistance in the former case would l>e far 
larger than that m the socond if, as seemed certain, the thin disc sub- 
tance has an electrical resistance which is far above that offered by the 
remaining spaco of the compartment and tho albuminous substance 
with which this is filled. 

This expectation was fully realised by the experimental results, of 
which the following table gives examples — 

Resistance of Block of Electrical Organ. 

Dimensions. Resistance. 


Longitudinal. | 

Transverse. 1 

Thickness. 

To longitudinal 
i urrent flow 

To transverse 
current flow. 

mm. 

mm. 

mm. 

ohms. 

ohms. 

10 

10 

8 

2700 

600 

15 , 

15 

8 

2800 

1300 

12 1 

18 

8 

8100 

1300 
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The resistance to the flow of h current in the longitudinal direction 
directed across the disc surfaces) is thus from two to three times 
as great as that offered by the organ to the flow of a current in the 
transverse direction (/>., directed parallel to the disc surfaces). The 
discs themselves thus offer, when their physiological condition is unim¬ 
paired, a high resistance as compared with tho adjoining eompartmontal 
contents, and this result is corroborated by experiments made after the 
conditions had been modified cither physically or physiologically. The 
physical modification consisted in taking blocks, the longitudinal 
dimensions of which vaned. Thus a block 10 mm. in the transverse 
dimensions and 3 nun. m thickness, was cut so as to bo 90 mm. in the 
longitudinal dimension. Its resistance to the flow of a longitudinal 
current amounted to 27,600 ohms On reducing its length to 40 mm. 
the resistance was 13,000; on reducing it to 20 mm. it was 5700, and 
on reduction to 10 mm. it was 2700 ohms. Tho heavy longitudinal 
resistance is seen to increase in proportion to the length of the columns, 
and the results thus indicate that our method was a fairly accurate 
one 

Tho physiological modifications were produced both by destroying 
tho living condition of the fresh tissue by a suitable hmj of tempera¬ 
ture and by keeping the tissuo m physiological saline lor a number of 
hours, so that tho living condition should bo more or less replaced by 
one due to commencing natural death. 

In the case of destruction through heat, the stiiking discrepancy 
between the large resistance offered to longitudinal currents, and the 
lower one offeiod to transverse ones, always disappeared completely. 
The resistance was now found to be tho same whatever the direction 
of the current flow 

In the case of kept pi oparations, the disparity between the two 
resistances became so much the less markod as the preparation lost 
its living characteristics; thus a preparation which had been kept 24 
hours in saline still showed 1500 ohms longitudinal resistance, as 
compared with 500 ohm's transvorso, whilst a second strip, kept for 
48 hours, showed only 1000 ohms longitudinal, as compared with 800 
ohms transverse. 

There is thus little doubt that the greater resistance offered by the 
columns of the fresh organ to longitudinal flow of currents is due to 
tho circumstance that these are directed through the protoplasmic 
substance of the thin plates or discs, which, lying diroetly athwart 
the columns, are all so interposod m the line of flow as to give a 
maximum of protoplasm to be traversed by such a flow. On the other 
hand the small resistance offered to transversely directed currents is an 
digression of the fact that the flattened protoplasmic discs now form 
but an insignificant portion of the conducting medium, which is chiefly 
composed of the compartment spaces. Tho discs must therefore have 
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a relatively high resistance as compared with that of the albuminous 
fluid filling the remainder of the space It has )>oou sometimes sug¬ 
gested that alterations of resistance may play an important part in 
the phenomena of organ activity The experiments just given appeal 
to indicate that the discs have a resistance which is of a different older 
to that of the physiological saline m the siu rounding rnodu, button in 
the case of these protoplasmic structures the results scarcely warrant the 
belief that there is anything exceptional in their higher resistance since 
it only places them in the same category with Mich other excitable tissues 
as muscle and nerve, winch have been shown to offer a greater electri¬ 
cal resistance in the transverse than m the longitudinal direction 


On the Formation of the JVlviu Plexus, with especial Reference 
to the Nervus Collector, in the Genus Matildas” P»y R. C. 
Punnett, B.A., Scholar of Gonvillo and Gams College, Cam¬ 
bridge Communicated by Hans Gadow, F.RS Received 
June 30,—Read November 10, 1890 

(Abstract) 

The mam object of this investigation was to ascertain whothei .it any 
period in the development of the animal selected, the number ot 
branches composing the vemts toller far was greater than that found in 
the adult. As a logical consequence of Gcgenbaur’s thoorv we should 
expect such to ho the case, and the ontogenetic histoi y of the nr/mis 
collector recorded in this paper, its maximum de\elopment in young 
embryos, and its subsequent gradual decrease through tho Liter stages 
of embryonic existence leading to its condition in the adult, must, if 
there is any truth in tho recapitulation theoiy, all point to its primitive 
character. 

The history of the posterior collector, the very existence of which 
has not hitherto been described, throws important light upon the theory 
mentioned above. Hero wo have a collector forme*l in the embryo, 
from which in later stagos the component nerves separate and run 
singly into the fin. Such a fact points very strongly to the collector 
condition being more primitive than that condition in which the uervos 
roach it without previously effecting any junction with one another 

It is further shown that the formation of this collector is due to 
migration of the whole fin rostrally, and not merely to a contraction of 
the fin area, and in support of this the following evidence is brought 
forward. The two species, M. Irnvis and M. valtfitiis, differ from one 
another chiefly in the more rostral position of the pelvic girdle in tho 
former. That it is highly improbable such a condition should bo due 
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to excalation of vertebra between the pelvis and head region of M\ 
hens is shown in such facts its the following:— 

(n) The great amount of both excalation and intercalation which 
must 1© going on in different regions of the animal on such a 
hypothesis 

(b) In some cubes the girdle-piercing nerve may pass partly over 
and partly through the girdle, not showing that rigidity which 
on the excalation theory we should Iks led to expect. 

. (0 The semi numtor of the girdle-piercing nerve may be different 
on the two bides of the same individual 

On the hypothesis of migration such facts receive an easy ex¬ 
planation, which is also in accordance with the existence of a greater 
caudal extension of the area of innervation of the pelvic fin in the 
males of M Ifpvts than the females, and in the great amount of 
variability in M. hews, which species we suppose to have been derivod 
from a more stable form such as M. nth/mi* by a rostral migration of 
the pelvic girdle. 

Hence migration being rendered very probable on other grounds, the 
posterior collector must be supposed to bo formed as a direct result of 
that migration, and its undoubted connection with the shifting of the 
fin along the vertebral column is of great importance in explaining tho 
formation of the anterior net rus call ret at . 


“ On the Least Potential Difference required to produce Discharge 
through various Gases.” By the Hon. II. J. Strutt, B.A., 
Scholar of Trinity College, Cambridge. Communicated by 
Lord Rayleigh, F.1LS Received Octobei 17,—Read Novem¬ 
ber 1C, 1899. 

(Abstract.) 

Tho iuvostigation, of which an account is given in this paper, deals 
with the potential difference required to produce sparks in various 
gases, between large parallel planes at a fixed distance apart, and at 
various pressures. 

It was found by Mr. Peace* that the striking potential between two 
parallel plates in air diminished as the pressure diminished, till a cer¬ 
tain point was reached, and then began to rise very rapidly. Tho 
pressure at which the striking potential was a minimum, depended on 
the distance between the plates, and increased as the distance was 
lessoned. The minimum potential itself, however, varied very little 
with thg distance between the plates. 

This minimum potential was of tho same order as the cathode fall 
* 4 Roy. Soc. Proc.,* vol. 52, p. 9P. 
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of potential in air, as has been pointed out by Professor J. J. Thom¬ 
son.* The following explanation may l>e offered of the fact that there 
is this minimum striking potential, and that it is approximately con¬ 
stant. 

The negative glow in any gas, as has been shown by Warburg, t re¬ 
quires for its production a definite difference of potential (about 340 
volts in the case of air) independent of the pressure and constant, so 
long as the glow is not crushed into a smaller spice than that which 
it would naturally occupy. If the glow is crushed, the necessary poten- % 
tial is greater 

Let us now suppose that the discharge takes place between two 
parallel plAtes. A part of the space between these plates is occupied 
by the negative glow, a part by the positive column. So long as any 
of the positive column remains, it is dear that the negative glow is not 
constricted, and consequently it only requires 340 \olts to produce Jt. 
The greater the length of the jiositivc column, the greater the corre¬ 
sponding potential difference, so that the striking potential will bo the 
loast possible when the pressure is low enough to make the negative 
glow occupy the whole spaco betweon the plates, but not low enough 
to make it require more. 

My experiments have been undertaken with a view to obtaining 
further experimental evidence on these ideas. The sparks were taken 
between largo metal plates, j mm apart. For details of the apparatus 
and method of experimenting, the original paper must be consulted. 
There also will be found curves showing the relation lictween spark 
potential and pressure for the following gases : atmosphonc air, hydro¬ 
gen, nitrogen, helium. 

I give here only the minimum value of the spark potential found 
for each, together with the cathode fall of potential given by 
Warburg:— 


Nature of gas. 

Cathode fall 

Minimum spark potential. 

Atmospheric air. 

volt*. 

340—850 

300 

Variable, 315—840 
230 

226 

volts. 

341 

302. 308 

347, 351. 369, 388 

251 

Variable, 320—281 

Hydrogen .. . 

Ordinary nitrogen....... 

Nitrogen specially freed 
from all tracer of oxygen 
Helium.. 



It will be seen that on the whole, the evidence is in favour of the 
views explained above. 

* * Recent Researches irx Electricity and Magnetism,* p. 158. 
t * Wied. Ann ,* vol. 81, p. C79. 
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It whs found impracticable to get accurately consistent results in 
the case of helium. Some cause, the nature of which has not been 
traced, mado the results differ with different samples of the gas, although 
in each case care had been taken with tho purification. The helium 
cunte, however, show's very peculiar features, the spark potential l>eiug, 
for a wide range of pressure m the ncighljourhood of the minimum, 
almost independent of the pressure. 


Noremhei 23, 1899 

The LORD LISTER, F.U.C.S, D.C.L., President, in the Chair. 

Professor Ed wan! Divers (elected 1883) was admitted into the 
Society. 

A List of the Presents received was laid on the table, and thankg 
ordered for them. 

In pursuance of the Statutes, notice of tho ensuing Anniversary 
Meeting was given from tho Chair, and the list of Officers and Council 
nominated for election was read as follows.— 

Px-sulenL —Lord Ln>ter, F.R.C.S., 1) C L,, LL.D. 

Treamtn .—Alfred Bray Kcmpe, M.A. 

Wf«w«-/ Sir Mlchuel Foatcl > K c R » 1)CL > LL I) * 

l Professor Arthur William Rucker, M.A., D.Sc. 

Fmtiyn Senetanj .—Thomas Edward Thorpe, Sc D., LL.D. 

Other Hfntilrts of CounuL -Hoiace T. Brown, F.C.S. ; James Bryce, 
D.C.L.; Captain Ettrick William Creak, R.N.; Professor James 
Dewar, M.A., Professor Edwin Bailey Elliott, M.A.; Hans Friedrich 
Gadow, PhD ; Professor William Dobiusou Halliburton, M.l).; Pro¬ 
fessor William Abbott Herdnmn, D Sc., Sir Andrew Noble, K.C.B.; 
Professor Arnold William Reinold, M A ; George Johnstone Stoney, 
D.Sc.; George James Symons, F.R.Mct.Soc., J. J. II. Teall, M.A^ ; 
Professor «Toseph John Thomson, M.A.; Professor Edward Burnett 
Tylor, D.C.L.; Sir Samuel Wilks, Bart., M.D. 

The following telegram from Her Majesty's Astronomer at the Cape 
of Good Hope was read.— 14 Lines of Beta Crucis 4552, 4569, 4575, 
described unknown in my April paper, Lunt finds due to silicon. 
Paper follows.” 

The following Papers wore read:— 
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I. “ Note on the Spectrum of Silicium.” By Sir J. Norman Lockyku, 
K.C.B., F.liS. 

II. “Preliminary Table of Wavo-longths of Enhancod Lines.” By 
Sir J. Norman Lockyer, K.C.B., F.ES. 

III. “ The Colour-Physiology of Hippohfif oaiwna” By F \V r . Kef^ke, 

and F. W Gamble. Communicated by Professor S. J. IIickkon. 
F.R.S. 

IV. “The Medusco of Mdlfpout” By Professor S. J. Hickson, Fits. 


Note on the Spec tnun of Silieiiun 11 By Sir Noumax Lockyku, 
KCB, FKS. Romved Novenil>ei 9—Read November 2:1, 
1899 

In 1X95, during the course of an investigation of the spectra of 
gases distilled from the mineral Ehasite, a double line at XX 4128*3 and 
4131*4 was found in one of the photographs, which could not at the 
time be tiaced to any teriestnal substance. It was thought that it 
might t>elong to some new gas, especially as thero was a well-marked 
double in the corresponding region of a Cygni. 

Some time later, shortly after the discovery by Professor Pickering 
of a new series of probable hydrogen lines in the spectrum of f Puppis, 
an attempt was made to produce this series of linos in the laboratory, 
and the spectrum of hydiogen was examinod under different electrical 
conditions. During this research it was found that with the use of the 
spark in vacuum tubes of very narrow l>ore, with largo jars in circuit, 
the same double lino noted in the eliasitc photograph made its appear¬ 
ance, and as in those experiments the glass on the inside of the capil¬ 
lary of the vacuum tube had become partially fused, silicium suggested 
itself as l>oing the origin of this so-cjillod “ unknown ” double. That 
this was correct was proved directly afterwards by photographing the 
spectrum of a spark over SiO u in a retort, the double in question being 
the most prominent feature of the spectrum.* 

In addition to this double, a wider one at XX 3856 1 ami 3862*7 was 
noticed, and as the two components also agreed very closely in position 
with lines in the spectrum of a Cygni, it was concluded that silicium 
was the true origin of the linos, t 

* A list of the spark lines of silicium was published by Eder and Valenta in 
1883, and the identity of the strange double would probably have been established 
before by a reference to that list, had it not been for a large error in the wave¬ 
length of one of the components of the double as recorded by them. 

t The probable explanation of the appearartoe of the silicium double in one of 
the photographs of the spectrum of the eliasitc gases is that one of the platinum 
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Very few records of work on the silicium spectrum have been pub- 
lished by later spectroscopists, but Kder and Valenta* give lines agree¬ 
ing in wave-length with thoso mentioned, as shown in the accompanying 
table. 


1 

j (Lockyer). 

i 

A. 



j Int. 

(Eder and 
Valenta). 

int. 

Remarks. 

| 3856*1 

6 

8855 *7 

1 3 


1 3862*7 

4 

3862*6 1 

t 3 


4128*1 

3 

4126*6 

4 

Probably a misprint for 4128 *6 

1 

4131*1 

4 ! 

4131*6 

4 


Later experiments on the spark spectrum of silicium with the aid of 
the large Spottiswoode coil, and on the spectra of silicium compounds 
in vacuum tubes, reveal other linos of that element no less interesting 
from a stellar point of view than those previously mentioned. 

We learn from these recent observations that the lines of silicaim 
may l>e divided into three sets, no two of which behave alike under 
\arying electrical conditions. The w f ave-lengths of the linos composing 
the different sets are: — 

3856* 1^ 

3862*7 1 4089*1 \ B 

4128 1 411C4J ' 

41311. 

There is a line at X 3905 8 which is associated in the spark spectrum 
of silicium with the lines in set A, but while those are entirely absent 
from the arc spectrum of silicium, 3905*8 is a strong line in the arc 
spectrum. This lino differs from the others, therefore, in not being 
enhanced in intensity in passing from the conditions of the arc to those 
of the spark. So far as is known, the lines in sets B and C have not 
been recorded by any other observers of the silicium spectrum. 

The behaviour of the three sets of lines in terrestrial spectra is 
fthown in the following figure. 

It is found, on investigating the occurrence of these silicium lines in 
stellar spectra, that the three sets of linos respectively attain a maximum 
intensity at the three different levels of stellar temperature represented 
by A 7* and C Orionis. 

poles of the “steeple" used in that particular case had broken off close to the 
aloes, and the latter was fused by the heat from the spark. This is the more likely 
as the double line only appeared on one edge of the spectrum. 

* * Denkiohr. Kali. AkacL Wistensch., Wien.,’ vol. 60,1898. 
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1. SiF 4 vacuum tube (capillary). 

2. SiO, upark with Wpottiswoode coil. 

3. Vacuum tube (bulb) Si0 3 spark with Bmall toil. 


The accompanying figure shows the liehaviour of the different sets 
A, B. find C in the spectra of /?, y, ( Ononis. 


A B C 



1. £ Orioins. 

2. 7 Oiiouib. 
3 /? OnoniH. 


We find that set A is most prominent in the spectrum of Ononis, 
that set C predominates m the spectrum of y Orionis, and that set B is 
by far the strongest in that of ( Orionis. 

That the stars named represent three different grades of tempera¬ 
ture, £ Orionis being the hottest, and /? Orionis the coolest, has been 
previously deduced by the discussion of other lines in their spectra. 
This result was embodied in a paper “ On the Order of Appearance 
of Chemical Substances at different Stellar Temperatures,” which I 
read to the Society m February of the present year. In that paper 
x Crucis was given as a typical star representing a stage of tempera¬ 
ture between those of p Orionis and £ Ononis. That star can be very 
well replacod for the purpose of the present discussion by y Orionis, 
the two spectra being nearly identical. 

The line at A 3905*8 previously mentioned as occurring in both arc 
and spark spectra, is not represented in the spectra of any of these 
stars. It is possibly present in the spectra of stars like the sun, as 
Rowland records it in his “ Preliminary Table of Solar Spectrum Wave¬ 
lengths/ 1 as being coincident with the well-mArked Fraunhofer line 
at A 3905*660. This coincidence, however, is open to doubt; from a 
comparison of the Rowland grating photographs of the silicium spark 
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spectrum and the solar spectrum taken at Kensington, the silicium 
line apparently agrees better in position with the loss refrangible edge 
of the solar line than with the middle. 

Before this point can bo definitely settled, still larger dispersion will 
have to bo employed. 

In the paper mentioned, it was shown that silicium made its appear¬ 
ance first at tho temperature represented by a Ursa 1 , Minons, and 
strengthened at the higher temperature of a Cygni and /J Orionis, 
afterwards weakening as we pjiss through tho still higher temperatures 
of ( Taun and y Ononis, until at the ( Ononis stage it is liordering on 
extinction 

In the same paper tho iKihavioiu of a line at X 4089*2 was plotted,, 
and at the same time it was quoted as an “ unknown ” line. 

It is interesting to note that this lino is now traced to silicium, and 
is tho strongest lino m set B. It is appai ently a shoitrlived line in 
stellar spectra, as it only occurs between the stages of temperature 
represented by y Ononis and ( Ononis, being one of tho weakest lines 
in the spectrum of the former star, and ono of the stiongest in that of 
tho latter. 

Most of tho photographs of the silicium spectrum under varying 
conditions wore takon hy Mr. Butler. Tho wave-lengths of tho lines, 
have been reduced by Mr. Baxandall, and he is also responsible for 
establishing the identity of the terrestrial and the stellar lines. My 
thanks are due to him also for help in the preparation of tho present 
communication. 


Preliminary Table of Wax e-lengths of Enhanced Lines.” By 
Sir Norman Lockyer, K.C B., F.K.S. Received November 9, 
—Head Novonilior 23, 1899. 

IntiotltuhoH . 

In tho year 1881 I communicated a paper* to tho ltoyal Society in 
which I described some experiments relating to the brightening of some 
lines in the spectrum of iron on passing from the arc to the spark. 

It was found that in the case of non, the two lines in the visible 
spectrum at X 4924*1 and X 5018*6, on How land's scale, were greatly 
enhanced m brightness, and wore very important m solar phenomena. 

Tho work was subsequently carried into the photographic region of 
the spectrum with very interesting results, since it was found that 
several other lines were enhanced at the highest temperature I could 
then obtain. 

In a later papert I described tho results obtained in further photo- 

* 1 Boy. Soo. Proc * 1881, vol. 32, p. 804. 
t ‘Boy. 8oc. Froc vol 01, p. 158. 
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graphic investigations of metals at high temperatures, dealing specially 
with the spectra of iron, calcium, and magnesium, and more recently 
still,* I referred to the enhanced lines of other substances, but re¬ 
frained from giving a list of the wave-lengths of the lines photographed, 
as the series of comparisons with the largo Howland grating was not 
then completed. 

The important part which the enhanced lines of the elements play 
in the study of stellar spectra cannot be over-estimated, but a great 
advance can only be made iu this direction by a systematic examina¬ 
tion of the spectra of all the elements. Such an nuclei taking as this 
involves considerable time and laliour. I have l>een fortunate enough 
to have the use of the large 42-inch Spottiswoode coil for a shoi t space 
of jiime, and employed it in this work, for which it is specially adapted, 
as the brilliancy of its spark shortens the time of exposure. Although 
I ha\o previously stated my indebtedness to Mr. Hugh Spottiswoode 
and Mr. (r. Mat they for their assistance, I wish again to express my 
best thanks to them, and 1 must now add Professor Moissau and Sii 
William Crookes, who have kindly supplied me with some specimen* 
of metals. 

The elements which have been dealt with in this investigation are 
the following —“ Aluminium, bismuth, chromium, copper, iron, mag¬ 
nesium, manganese, titanium, and vanadium.” 

For each of these elements the spark and arc spectra weie photo¬ 
graphed and compared, and the wave-lengths of the enhanced lines, 
that is, those lines which are intensified m passing from the temperature 
of the electric arc to that of the spark, were determined. 

Method of Jledw turn. 

The method of reduction was as follows:—The spark spectrum of 
the element was first compared directly writh the spark spectrum of air 
between platinum poles, and the air lines were thus eliminated. The 
spark and arc spectra of the oloment being taken on different plates, 
were then compared, and the linos present m the spark spectrum but 
absent from the arc, or lines relatively more intense in the spark than 
in the arc spectrum, were noted. The * 'avo-longths of these lines were 
thou determined by direct comparison with a solar spectrum taken 
under the same instrumental conditions, and reference to Howland’s 
list of lines in the normal solar spectrum. 

A* 

Instnunchta Employed* f 

The grating used is a 6-inch concave one, having a surface 2 inches 
by 5J inches, ruled with 14,438 lines to the inch, and a radius of 
curvature of 21 feet 8$ inches. The instrument is mounted in the 
• 1 Boy. Soo. Proc / vol. 61, p. 441. 
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<\J 


91-349+ 

- 19 - 6 + 9 + 

+•-+99+ 


9+ f09+ 
‘ 6P-99++ 


99-09++ 

- 99-09++ 

66 9 +++ 


99-4/++ 
03 - U++ 

+6-669+ 

03-999+ 

•0-409+ 

O9-+C0+ 

+0-499+ 


00-099+ 
19-099+ \ 
09- 099+] 

+/-C/9+ 

oSfoc+ 


liUmuin — Enhanced Line*. 
1. Arc 2. Spirk* 
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manner described by Rowland, the camera and grating )>ei»g at oppo¬ 
site ends of an iron girder adjusted exactly to the radius of curvature 
of the grating. It has been found that by carefully making the adjust¬ 
ment the scale can be maintained constant within a \cry small limit, 
and the conditions were such that it was possible to use plates IK inches 
long without bending 

In some cases a Steinheil prism spectroscope was used. The disper¬ 
sion arrangement of this instrument consists of four dense flint prisms, 
three of 45° angle and one of 60°. Those are fed by a collimator of 
inches aperture and inches focal length. The camera objective 
is a single quartz lens of 2 inches aperture and about 54 inches focal 
length (for X 4340), the non-achromatism of which necessitates a con¬ 
siderable inclination of the photographic plate to the axis of the lens. 
The total deviation for the blue region of the spectrum is about 150\ 
The scale of the spectrum is as follows •— 


D ~ 2J niches. 

P-K - 6J ,, 

The spark conditions were as follows:—The ftpottisunode coil is 
capable of giving a spark 42 inches long in air. For spectroscopic 
purposes, however, a condenser is inserted in parallel with the second¬ 
ary circuit, the length of spark then obtainable depending on the 
capacity of the particular condcuser used. These have varied from a 
single gallon jar to a battery of twelve jars of about 15 gallons each, 
and finally a plate condenser has boon used, at the suggestion of Pro¬ 
fessor Boys. 

This consists of thirty sheets of plate glass, 30 inches by 25 inches, 
with tinfoil, 24 inches by 12 inches, between each pair. The spark 
under these conditions varies from about 25 to 2 mm. in length, and 
this was again further controlled in intensity and duration by a 
secondary spark gap in series with the one containing the metallic 
poles. 

The primary was fed from the street circuit at 100 volts, the usual 
current omployed being about 25 amperes. Interruption of the cur* 
rent in the primary was by means of a mercury break actuated by 
hand. 

In the case of the arc, the exposures lasted generally for about 
fifteen minutes, while an hour and u quarter was the average time 
given for the spark. 

My thanks are due to Mr. C. P. Butler, who was employed in taking 
the photographs, to Mr. F. E. Baxandall, who is responsible for their 
discussion, and to Dr. Lockyer for assistance in the preparation ot this 
note. The enlargement of portions of the arc and spark spectra of 
titanium was made by Sapper J. P. Wilkie, R.E. 
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The Table#, 

In the following tables, in which the elements are arranged alpha¬ 
betically, will be found the wave-lengths of all those lines which havo 
been observed as enhancod in the region examined. 

The first column gives the wave-lengths of the enhanced lines, the 
second and third their intensities in the spaik and arc respectively 
(maximum intensity » 10), aVid the fourth column is devoted to 
remarks. 

In the case of iron and copper I givo in addition the wavo-lengths of 
the spark lines obtained by Herron Exnor and Haschek* and Eder and 
Valenta respectively.t 


Aluminium, 


r 

Int. 

Int 


A. 

m 

in 

Remarks. 


spark 

arc. 


3900*68 

5 

0 

Enhanced lme of Ti at A 3900 68. 

4480 00 

6 

0 


; 4513 *20 

9 

O 


4529 80 

10 

0 

Enhancod line of Ti at A 4529 6. 

4G63 *70 

1 

10 

o ! 

1 


Bismuth.I 


A, 

Int. 

in 

spark. 

Int. 

m 

arc. 

Remarks. 

3846 *1 

3 

0 


3849 *3 

5 

0 


3804 5 

8 

0 


4079*3 

8 

0 


4081*6 

2 

0 


4245*3 

3 

0 


4259*8 

10 

0 


4272*0 

a 

0 


4302*4 

0 

0 

Enhanced Ti line at A 4302 *09 

4308*8 

2—3 

0 

„ „ A 4308 *60 

4328*6 

5 

0 


4340*7 

5 

0 


4387*0 

3 

0 

Enhanced Ti line at A 4387 *01. 

4391*6 

3 

0 


_ _ 


‘_ 

_ _ _ 


* W. Marshall Watts, 1 Index of Spectra,* Appendix J, p. 2. 
f Ibtd, t Appendix H, p. 38. 

* The ware-lengths are only given to five figures, as greater accuracy cannot be 
obtained owing to the great bnadth and fusxmessof the hues. 
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Clnomuun. 


Int Int. 
A. in in 

•park arc 


Remarks. 


4088 *20 
4242*62 
4262*14 
4284 *38 
4658*83 
4588*38 
4592*50 
4619 *71 
4634*25 


O 

trace 

0 

0 

4 I 2 

4 ; 1 

trace 0 
1—2 trace 

t l Intensity in spark difficult to determine owing to 
superposition of an air line. 


Coppei . 


A. 

Lookyer 

Int, 

in 

spark 

Int. 

in 

are. 

A. 

Eder and 
Yalenta 

Int 

in 

spark. 

Romsrks. 

4546-1* 

4566*10 

2 

5 

0 

0 j 4665*94 

■* 

Enhanced line of Fo at A 4550 *30. 


# Seen only in spectrum taken with 4-pristn Stemheil spectroscope. 
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It on , 



Int. 

Int 

X. 

Int. 


A 

in 

in 

Exner and 

in 

Remarks. 

Lockyer. 

spark. 

arc 

Haschek 

spark 


3839*78 

2—3 

0 

3839-87 

2 


3846*56 

2—3 

1 

38-16-54 

2 


3868-87 

6 

1—2 

3863 *86 

1 


3871-86 

4 

1—2 

3871 -88 

3 


3906*04 

i 

0 

3906*2 

1» 

$i spark line at X 3905 *70. 

3936 *92 

5 

4 

3935-90 

2 


3939-38 

1—2 

0 

3939-06 

In 


4002-77 

1-2 

trace 

4002*75 

1 


4048*82 

3—4 

2 

4049*03 

In 


4066*63 

3 

2 

4065 58 

1 


4173 *62 

3 

1—2 

4173 *59 

2 

Enhanced line of Tt at A 4173 *70. 

4178-96 

3—4 

trace 

4179 01 

2 


4233 26 

4-5 

0 

4233*26 

4 


4296*65 

2 

0 

4296 73 

1 


4802*36 

2—3 

2 

1302-32 

1 

Enhanced line of Ti at A 4302 *09, 

4361 93 

6 

0 

4351 89 

2 


4385 56 

3-4 1 

trace 

4385*55 ! 

1 


4461*76 

3 

2 

4451-70 

In 


4462*30 

2 

0 

4402*15 

In 


4489 35 

1 

0 

4489 *34 

In 


4401 *67 

2 

0 

4491 *58 

1 


4608*46 

5 

trace 

4508*42 

2 


4616 *61 

4 

»» 

4616 49 

l 


4620*40 

3 

1 

4620 *41 

1 


4622 *69 

6 

2 

4622 *80 

2 


4641*40 

3 

1 

4641 68 

1 


4649*64 

7 

1 

4649 *65 

3 

Enhanced lino of Ti at A 4649 81. 

4666*10 

5 

0 

4666 04 

1 

„ „ Cu at A 4568 *10. 

4676 *61 

1 

0 

4576*48 

1 


4684*02 

8 

1 

4684*01 

4 


4629*60 

4 

0 

4629 *61 

1 


4636*40 

3 

0 

4635 50 

1* 


•4924*11 

8 

0 

• • 

, . 



•6018*63 

7 

1 

• • 



Exner and Haschek’s observations 

•6109 *07 
•6169*22 

}° 

2 

• • 



do not extend to this region. 

•6816*79 

3 

0 

e e 

• • 

j 



* Reduced from photograph taken with two 6*moh objective prisms. 
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Magnesium * 



Int. 

Int. 


A. 

in 

in 

Remarks 


•park. 

arc. 


__ 

4895*0 

, 1 

0 

Enhanced line of Ti at A 4395*20. 

4481*8 

! io 

0 



Mmujanw. 


--- 

— - - 

— 

- _ — - — 

i 

Int. 

Int. 


X. i 

in 

in 

Remarks 

: spark. 

arc. 


4000*20 

2 

0 

i 

4105*06 

3 

0 


4128*80 

2—8 

trace 

Strong Si spark line at A 4128*1. 

4137 *16 

3—4 

0 

4200*40 

2 

0 


4206*66 

4 

0 


4242*45 

4 

0 

1 

| 4244*43 

1-2 

0 

1 

4248*10 

1 

0 


4261*86 

5 

0 


! 4258*13 

5 

0 

| 

1 4269*35 

4 

0 


4292*35 

2—3 

0 


1 4800*37 

2 

0 

Enhanced line of Ti at A 4300*21. 

| 4326*82 

6 

0 


| 4344*19 

s 

0 

Enhanced line of Ti at A 4344 * 15 

j 4348*62 

1 2 

0 

• 

| 4865*60 

j 1-2 

0 


1 4478*86 

! 2—3 

l 

0 


. - 



__ _ 


# The wave-lengthi an only given to five figures, u greater accuracy cannot be 
obtained owing to the broad and fluffy nature of the lines. 
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Titanium. 


X. 

Int. 

in 

•park. 

Int. 

in 

arc. 

Remarks 

3900*68 

10 

4 


3918 *61 

10 

4 


3032'10 

4 

trace 


8087 *76 

1 

0 


4012*64 

5 

1 


4025*20 

3 

1 


4028*30 

6 

1 


4058 98 

5 

trace 

Enhanced lino of V at X 4053*80. 

4056*19 

2 

1 


4161*70 

2—3 

o 


4163 ‘82 

10 

2 


4172-07 

10 

1 


4178 70 

3 

0 

Enhanced line of Fe at A 4173 *52 

4174 20 

2 

0 


4184*40 

1 

0 


4227*40 

2 

0 


4200*38 

0 

2 


4294 20 

7 

3 


4800-21 

6 

1—2 


4302-00 

3 

1—-2 

Enhanced line of Fe at A 4302 *35. 

4808 60 

7 

1-2 


4313*03 

7 

1—2 


4315*14 

8 

1 


4313-96 

2 

0 


4321*20 

3 

1 


4380*50 

2 

trace 


4330*87 

2 

» 


4338*08 

8 

4 


4341*53 

3 

1 


4344*45 

3 

1 

Enhanced lino of Mn at A 4344 *19. 

4351*00 

2 

0 


4367*84 

5 

1 


4874 90 

3 

0 


4887*01 

6 

trace 


4391*19 

1—2 

» 


4895*20 

9 

5 

Enhanced line of Mg at A 1395*0. 

4396*01 

2 

truce 


4899-94 

7 

3 

1 

4411 -20 

5 

trace 


4417*88 

6 

2 

, 

4421*93 

3 

2 


4448*98 

t> 

4 


4450*65 

3 

1 

i 

4464*62 

3 

1 


4468 66 

9 

4 


4488*49 

5 

1 


4501-45 

8 , 

4 


4529-60 

3 

trace 


4584-14 

5 

2 


4549*81 

8 

4 

Enhanced lino of Fo at A 4549 *64. 

4563*94 

7 

3 

I 

4572 *16 

9 

4 


4590*13 

a 

1—2 

i 

i 

_ — 

— 

— 
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Fiuurdtum. 



lot. 

Infc. 


A. 

in 

in 

Remarks. 


spark. 

arc. 

1 

3827*30 

2-3 

traoe 

! 

3867*00 

3 

2 

! 

3878 *90 

8 

4 


3886 *06 

8 

2 

j 

3899*80 

G 

3 

1 

3908 *40 

6 

4 

- 

3914*44 

6 

4 

1 

3010 -50 

G 

4 


3952-07 

7 

5 


8978 -85 

6 

4 

1 

3086-90 

1 

0 


3997 -30 

5 

4 


3999-30 

2 

0 


1006*86 1 

10 

7 


4017-0 0\ 

1 

n 


4017*40 J 


u 


4028 GO 

9 

7 


4086 -80 

8 

6 


4053*80 

2—3 

trace 

Enhanced Ti line at X 4053*98. 

4061-80 

2—3 

1 


4065 *20 

3-4 

0 


4178 *50 

1—2 

1 


4183*00 

4 

3 


4202*65 

3 

2-3 


4206*24 

4 

3 


4225 *41 

3 

1-2 


4282*20 

1—2 

0 


4248-10 

1 

0 



“The Colour-Physiology of Hippolyte inrwna ' 9 By F. W. Keebi.k, 
(’aiuB College, Cambridge, and F. W. Gamble, Owens College, 
Manchester. Communicated by Professor S J. Hickson, 
F.R.S. Received October 25,—Read November 23, 1899. 

Tho following paper gives in a categorical fashion the chief results 
of a research on tho changes of colour in the prawn Hippolyte writ ihs. 
The work was carried out last year partly in the Zoological Labora¬ 
tories of Owens College, Manchester, partly at the station furnished 
by the Lancashire Sea Fisheries Committee at Barrow; and during the 
past summer in M. Perrier’s Laboratory at St. Vaast, Normandy. A 
fuller description of the experiments, together with figures, will appear 
shortly. The present attract contains the following sections;— 

I. Previous knowledge of colour-change in Hippolyte vat mm. 

II. Methods adopted for obtaining reliable colour records— 
a. Colour registration. 

Ik Chromatophore examination. 
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III. The nature of the “chromatophores ” and their pigments. 

IV. The habits of Ilippdyte mrutns . Sexual dimorphism. 

V. The nocturnal colour. Nocturnes. 

VI. Periodicity of colour-change. 

VII. Range of colour-change. 

VIII. The causes of change iu colour. 

(?. Colour of the surroundings. 
b . Light-intensity. 
r. Electric and other stimuli. 

IX. The rdle of the eyo and nervous system in the control of the 
colour-form. 

X. The u chromatophores” of larval forms 
I. P tenant * Knowledge. 

The facts previously known may be arranged in throe groups. 
The great variety of colour displayed by different specimens of Hipi**- 
hftr mnans: the “ mimetic resemblances ” l>ctwoeu these colour-forms 
and the Algaa upon which they live, ami the power which these 
colour-forms possess of undergoing a change of tint under different 
conditions of illumination. It is known that the so-called 44 chromato¬ 
phores ” contain differently coloured pigments by which both the pre¬ 
valent tint of tho prawn and its colour-changes are determined. The 
arrangement of these colour-elements in tho body and the pigmentary 
conditions of the various colour-varieties have not been hitherto care¬ 
fully examined. The factors which determine a change of colour, the 
extent of these changes, and the mode in which they are effected, may 
Ihj said to be hitherto quite unknown. 


II. Method of Obtaining Reliable Colon t-teeo ids. 

(a) Records of colour must bo made under constant conditions of 
illumination, otherwise they arc not strictly comparable, and fine 
shades of colour escape notice. They must be made rapidly, otherwise 
the light used for recording ihducos a colour-change and becomes, in¬ 
stead of a guide, a source of error. Finally, the light must be such as 
to enable a speedy record to be made, and yet one which itself induces 
a minimum change. 

Many devices have been tried, but no completely satisfactory method 
has been obtained. We use, ais most convenient, bright diffuse sunlight 
reflected from a white ground; and for a comparison of day and night 
colours, incandescent light. There are, however, several objections to 
these modes of illumination, the chief among them being that under 
certain circumstances, white light produces a very rapid change of 
colour. 
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(b) During microscopic examination, grave colour-changes often 
occur; yet with practice, a very rapid examination may bo made, and 
bo the source of error considerably reduced The colours to be re¬ 
corded are often several, the grass colour of the animal being seen 
under the microscope to be due to several pigments (see below Sect III) 
These pigments are differently distributed in different coloui-foims, so 
that the pigmentary records become rather complicated Any but the 
briefest microscopical examination throws the neivous system of the 
animal out of gear, produces after-effects, and too frequently renders 
the animal useless for fuither experiment Conti ol-spocimens must 
be used before conclusions can be diawn from the simplest oxpcnmentH, 
and experiments must he confirmed several times Added to these 
difficulties is this, that colour-change in ihppohftv is no simple icflox 
affair taking place “ with the certainty of a physical uxponment,” but 
is one subject to what, m times of difficulty, seems to amount to wilful 
perversity What we believe to be the chief element in this seeming 
perversity is described under the head of Pciiodicity in Section VI. 


III. Th‘ Nairnr of ths “ ('hronuttopiun*^ ” 

The colours of the pigments in the “ chronutophorcs ” deteiminer 
the tint of the prawn by their disposition and the depth of its colour 
by their abundance. The “ chromatophoz e« ” arc by no means the 
simple, stellate, cellular, dermal structures which they are commonly 
supposed to lie One series of them lies under the epidermis, another 
is interspersed lietwoen the muscle fibres both of the great flexor^ and 
extensors of the tail and those of the appendages, while a third series 
—often forming great splashes of colour—invests the gut, nerve-cord, 
liver, and other internal organs. 

In simple colour varieties—brown for instance—the pigment of the 
skin forms a dense network obscuring tho i( musclc-chromatophores.” 
In such cases the colour of tho prawn is determined by the colour of 
the superficial network. In other cases, when the prawns aio Iianried 
or boldly barred, the colour-elements of the akin are absent or have no 
pigment, and the deep “ chromatophores ” alone deteimine the colour 
of the pattern. In many Ilippolyte we have found that distribution 
of tho pigment is the same in the skin-chromatophores and in tho 
muscle-fibres which underlie them. The two sets are co-ordinated. 
This correspondence applies to othor Crustacea, though it has not 
hitherto been recognised. 

The pigments present in the ohromatophoies are limited to ml, 
red and yellow, or red, yellow, and blue Those three may bo present 
together in one and the same element. During colour-changes they 
are distributed independently of one another in tho sense that one 
pigment may become aggregated in the centre of the “ chroma tophore,” 
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whilst another runs out into its network of processes. Change of 
colour appears to be due to a fresh pigmentary deal of the shuffled 
coloui-pack. 

Whcthei chemical changes play a part in converting one pigment 
to another or no* we are not yet in a position to say. All the evi¬ 
dence we have is against tho view that the colour-elements of Htpjxt- 
tyte are cells like the chromatophores of the frog. The “ rauscle-chro- 
matophores ” bear tubular processes limited by a distinct membrane 
The processes of the skin-chromatophores penetrate between the 
epidermal cells and form not works. The movement of the pigment 
is not duo to a change in the form of tho “ chromatophore ” but to 
a movement flowing to or from tho central part. Further details of 
those colour-elements are given in our huger papet 


IV. The Habit* of Ilippolyte varians 

Hippolyte lives in swarms amongst the woods of the seashore. In 
some places it is most abundant upon tho IMithy* and other algsp 
which flourish luxuriantly m the “ laminanau ” zone, and are only 
exposed by veiy low spring-tides. In othoi placos the Zodwa- beds 
and the masses of Fum* form its chief resorts. Each colour-variety is 
a marvel of protective coloration. Each is to bo found among weeds 
of a closely similar hue and adheres to its chosen habitat with the 
greatest tenacity. Though it has the powei of making powerful leaps 
and of swimming, only under the greatest provocation can Ilippolyte 
be induced to take this exerciso. At night as well as during the day 
theso prawns are still to be found on their food-plants, and, should the 
receding tide lay tho woods bare, the Ihppohfk may still be found by 
shaking them into a not Should the special food-plants of any given 
colour-varieties be mixed with other weeds, the prawns will after a 
time select, each after his kind, the weeds in which it naturally feeds 
and with which it agreos in eolout Generally speaking, Hippohjte 
prefers shade to direct sunlight 01 to artificial light. The emerald 
green variety found on Zontaa, whether at a comparatively high zone 
on tho shore or in the “ laminarian ” zone, is exposed to a considerable 
amount of light on account of the “ blades ” of this grass being 
separated from each other and not growing in the shade of deep rock 
pools. The brown and red varieties of Hippolyte are, on tho other 
hand, associated with dense masses of weed attached to rocks; so that 
the light-intensity in which they live, even at half-tide, is prolmbly 
lower than that of tho beds of Zostira. The bearing of these facts on 
the changes of colour are roforred to in Section VIII. 

Htppolyte exhibits a certain sexual dimorphism both with regard to 
size and to colour. This may l>e expressed by saying that the males 
aro on tho average much smaller and less elaborately patterned than 
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the females, which are more resourceful in adjusting their colour to 
their surroundings. From the point of view of “ protection ” this is 
what might lie expected owing to the- greater sluggishness of the 
female, which in turn is partly due to the large mass of eggs or 
developing zocee, which she almost invariably carries 

V The Noel in no I (‘of om “ jY'W/o w's” 

Whatever the diurnal colour of llippolifle may be, it changes at or 
soon after mght-fall to a wonderfully beautiful transparent bluo or 
greemsh-blue colour. Prawns in this condition wo designate as 
Nocturnos The depth of tho nocturnal tint is directly propnitionod to 
that of the diurnal colour, dark brown prawns becoming deep bluo 
ami light ones pale blue. Under natural conditions the nocturnal 
colour persists until daybreak. At the first touch of dawn the colon i 
vanishes and that of the preceding day rc-appears. Specimens trawled 
at night and in the early morning before daylight show that the 
nocturnal colour is perfectly normal and is assumed by Hippoh/fr 
?Y/n//ns while still on its food plant, Other Crustacea too, show a 
peculiar nocturnal colour. Mt/sis, for example, of different species and 
possibly even of distinct genera, show a transparent and blue colour- 
phase at night, giving place during the day to a deeply pigmented 
condition 

Nocturnes are remarkable chiefly but not solely for their peculiar 
pigmentary condition. The red and yollow pigments are maximally 
contracted, while the blue is present in a very diffuse homogeneous 
condition forming a notwork which traverses the connective tissue of 
all the chief organs, particularly the muscles The peculiar tiaas- 
parency which accompanies this nocturnal condition is, however, not 
entiroly explicable by the retraction of the red and yellow-coloured 
pigment. It is only one of a number of profound changes affecting 
the body as a whole Indeed wo are prepared to say that the noc¬ 
turnal state opens up a new chaptor in biological investigation, and 
that by a study of this condition increased knowledge of tho succes¬ 
sion of metabolic procossos may be gainod. 

VI Periodicity of Colour-chanye. 

Under normal conditions Hippolyte mi unis passes through a daily 
colour-cycle. Its diurnal colour gives place to a slight increase of 
reddishness—a sunset-glow—just before mght-fall, and this usheis in 
the nocturnal phase. These changes are periodic in the strict sense 
of the woid. Though often modified by external agents they exhibit 
a certain independence of them In constant darkness a Nocturne 
recovers its diurnal colour. In constant light (of certain kinds at 
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least) a diurnal form passes over to the nightly phase. Though light 
often induces and induces with marvellous vapidity a- recovery tiom 
the nocturnal phase, it is often powerless to overcome the habit of the 
animal The periodicity is only slowly worn down in the course of 
two or three days. These changes expires a nervous rhythm; per¬ 
haps a profound and rhythmic course of metabolic events. The 
reddish phase antecedent to the full nocturnal tint probably explains 
the statement made by M Malard,* that in daikness IFtppoh/fr vtnmm 
becomes red. 

Periodicity is manifested in the colour-change of HippoUfte which 
have been deprived of both their eye*. The assumption of, and 
rccovory from, the nocturnal phase is still effected, but more slowly 
and erratically than in normal specimens 

VII Jimiqe of Cohan-t lunujc. 

Adult animals when placed with weed of a new colour (the 
light-intensity being as far as possible unaltered) are, under the 
conditions of the laboratory, only capable of very slow sympathetic 
colour-changes Thus gieen Jfippolytc placed on brown weed con¬ 
serve their greenness for a week or more, but m the end give way and 
become brown. Their subsequent iceovery when placed with green 
weed is more rapid. We have repeated such experiments m the open 
time after time, and have found that the prawns were either quite 
refractory or responded in this slow manner. Yet these same speci¬ 
mens undergo the changes preceding and culminating m the nocturnal 
colom and the succeeding recovery to their diurnal tint, with the 
utmost readiness. The fact that prawns, refractory to sympathetic 
eolour-change can and do undergo a rapid change of tint when the 
light-intensity or the quality of the light is altered, is shown by such 
records as the following- A specimen, one of a large catch, incidentally 
observed to be the blackest we have ever seen, became m a few 
minutes transparent when put in .1 white porcelain dish. Further, a 
ready and almost infallible means of producing transparent green 
Htppohjk and even a colour hard to distinguish from the nocturnal 
tint, consists in placing freshly caught prawns in a white porcelain dish, 
and covering the top with a piece of muslin. Under these circum¬ 
stances the change often takes place very rapidly (thirty seconds 
to one minute). 

It is therefore necessary to distinguish at least three kinds of colour- 
change in Hippolyte i avian First, the passage from the diurnal to the 
nocturnal colour-phase followed by recovery to the colour of the pre¬ 
vious day. In this case the phases form a rhythmic daily cycle. 
Second, the colour-changes produced by artificially altering the light- 

• 1 Bulletin de la SocitfU 1 Philomathique de Pans,* t tfr. 8, vol. 4,1802, p 28 
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intensity to which the prawns are exposed, or by subjecting them to 
light reflected from white, and especially porcelain surfaces. Third, 
the sympathetic colour-change brought about by change m the colour 
of the surroundings. 

The first of these is habitual or periodic, and may be quickly pro¬ 
duced, towards evening, bv a profound alteration of the light-intensity 
Even the natural rcco\ery from the nocturnal to the diurnal colour 
takes place rapidly with the dawn The second change, as inexplicable 
in teleological terms as tho fitut, is also rapid, often very rapid. 

The third change is extremely slow. The prawn, in the acquire 
meat of its adult colour, is guidod and guided solely, so far as 
oxtornal circumstances are concerned, by bght-mtensity In response 

to the conditions of light-mtonMity which prevail in its habitat, the 
prawn motabolisos and distributes its pigments But its pigmentary 
forces do not admit of ready mobilisation for purposes of defence, or 
at loast they do not quickly obey a command to move Hip 
by its immobility has gradually grown into its surroundings arid 
though, as for example, at night, its pigments may lie readily aggre¬ 
gated, and a special nocturnal colour produced, yet this mobilising 
power is not utilised .it all, or but very slowly, to redistribute tho 
pigments, when the colour of the habitat is changed 

VIII The (trust's of 1‘lmn‘feo) (*ohun 

(rr) Hqqwhjte grows into harmony with its surroundings So 
developed it hangs on to wave-swept weeds Should it bo dislodged 
its hope of concealment bos rather in a rapid choice of a weed of its 
own colour, than in a slow sympathetic coloui-change on its own part, 
for if we may trust our experimental results, a week would elapse 
before the change could be complete. Monochromatic light (obtained by 
the use of Landolt’s colour-filters), is singularly moflicacioiiH in pro¬ 
ducing any sympathetic colour-change Rod, yellow, green, and blue 
light act m this respect like darkness. Under natural conditions we 
conclude, therefore, that the ultimate colour-change is effected by a 
reaction to Ught-intensity. 

(h) After much trouble and many experiments, wo find that there is 
no evidence that rays of light, by virtue of their specific wave-lengths, 
play any part in changing the colour of the prawns. On the other 
hand we find that in the diurnal phase, a low light-intensity favours 
expansion of the red pigment and so brow'n offsets, while increased 
light-intensity produces a green tint. The appreciation of light-inten¬ 
sity appears to be very acute and to be the chief agent in producing 
colour-change. 

{r) By ablation of the eyes, electrical stimuli, and heat, colour- 
changes may lie induced These agents have been employed m tracing 
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the nervous mechanism of the change, but the histological examina¬ 
tion of these experiments is not yet complete. 

IX. The Hole of the Eye and Met mm System, 

Removal of one eye produces no effect on the body-coloui. l&cmoval 
of both, either produces no effoct or a rapid nocturnmg. The animal 
is plunged in night. Under such circumstances the periodic habit may 
re-assert itself and a recovery with subsequent fairly punctual nocturn- 
ing take place The chromatophoros of detached limbs, and in the 
bodies of blinded specimens, exhibit alterations of their pigments— 
when subjected to different light-stimuh, quite similar to those which 
occur in the intact animal undei the same conditions. Therefore (1) 
an intrinsic rhythmic nervous change supervises the periodic change in 
the pigments; (2) the eye is the most important auxiliary in modifying 
nervous control, (3) local government plays a part In vanegated 
colour-forms, which show', as m a mirror, the pattern of their weed, it 
can scarcely be doubted that both central aucl local government 
co-operate, and so produce a result of such consummate delicacy. 
Here there is expansion of one pigment, here of another, there com 
plete contraction. The light acting through the eye on the central 
nervous system cannot be supposed to differentiate itself into such 
diverse stimuli as are requned to produce the colour-variety. Local 
control undei a strong central organisation seems to 1>e the only likely 
force and the evidence favours this \iew r 


X. “ f 'hioiniihphaies 1 ' uf hnral fauns. 

We have succeeded m hatching out the zoeie of JlipjHitytr ruiians and 
m following their de\elopment for a short tune. Several of the colour- 
elements acquire their pigment lief ore the time of hatching. There are 
two pigments, one red and the other yellow by reflected and dull green 
by transmitted light. A few chromatophoros contain red only. All the 
colour-elements are distributed symmetrically. They occur m the 
neighbourhood of the eyes, the liver, and at the sides of the abdominal 
segments. 

In the zoea the pigments react with Jistomshing rapidity to certain 
changes of light-intensity. A bright light brings about very rapid 
contraction, while a dark background effects expansion of the yellow- 
green and more slowly a similar change in the red. A diffuse blue 
substance was noticed frequently as though exuding from the dense red 
body of some “ chromatophores.” This may be the result of a 
destructive action of light upon one or both of the pigments, and 
should this bo so, we may find m a study of the larval stage the 
meaning of the blue colour of Nocturnes. 
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‘Ati Experimental Research on some Standards of Light” By 
J. E. Petavrl Communicated by Lohd Rayleigh, F.R.S. 
Received July 31,—Read November 16, 1899 

The standards of light may bo divided into two m<un divisions, 
viz..— 

1, Flame standards. 

2 Incandescent standards. 

The first class comprises such standards as depend foi their constancy 
on the rate at which chomical combination is going on Almost all 
the standards in actual use come under this division. The British 
candle, the Methven standard,* the Harcourtf pentane standard, 
the llefnei-Alteneckt amyl acetate lamp, the Car cel lamp, and the 
acetylene^ burner are among the best known 

Apait from the large numlxn of independent investigators who 
have earned out researches as to the relative merits of these sources 
of light, leference may be made to the reports of several committees 
which have l>een appointed m this and other countries to investigate the 
subjcct.|] 

The geneial conclusions leached may be fairly summed up by saying 
that the pentane gas standard and the amyl acoUte lamp are the 
lights which, fiom every point of view, have been found most satis¬ 
factory. Of the two, the Hofner-Alteneck lamp is the J*ettoi known, 
and has been the subject of the more complete experimental study, it 
may be taken as fairly representative of its class. The light emitted, 
as in the case of all the other flame standards, is seriously affected by 
atmospheric impurities. Liel>enthaffl has shown that, if *. represent the 

* * Journal of Gas Lighting,’ vol. 40, p 42, 1882. 

f See ‘ Brit. Assoc. Proo.,' 1877, p 51, and 1808, p. 845, also ‘Report of the 
Standard of Light Committees,’ as below 

t *Elektrotechmsche Eeitschnft,* vol. 6, p 20, 1884; also ‘Elecfricul Renew,* 
\ol. 42, p. 759, 1808. 

§ Froposod by Viollo, CJi. F5ry and Fessenden (seo'Comptcs Rondus,* \oI 122, 
!>. 79,1806; also 1 Comptos Rendus,’ vol 126, p 1192, 1898) 

|| See BlondeFs Report to the Congrfts International des Klectricicns at Geneva, 
1896; Report of the Standard of Light Committee’s meeting of the Institute of 
Gas Engineers, May, 1895, 1 Joum. of Gas Lighting,* vol. 65, p 1007,1895 , Report 
of the Standards of Light Committee to the British Association, 1888, p 39; 
Dibden’s Report to the Metropolitan Board of Works, 1885 ; Gas Institute Com- 
mittee, 1884, and Board of Trade Committee; Preliminary Report of the Sub-com¬ 
mittee of the American Institute of Electrical Engineers, * Transactions,* vol 13, 
p. 135, 1896; Rapport der Photometric Com. dor Vereomging van Gasfabnkanten 
in Bederland, * Journ. fUr Gasbeleuchtung und Wasserversorgung,’ vol. 37, p. 613, 
1694. 

5 4 Elektroteohnische Zeitschrift/ 1896, vol. 16, p. 655. 
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quantity of water vapour in litres per cubic metro of ait, the light L 
sent out will vary according to tho foimula— 

li - 1 049 - 0 0055 / 

This will causa a variation of about 4 per cent from one season of 
the year to another The variations due to this cause are stated to be 
still more marked in the Hammit and Cartel lamps 

Again, if m loptoHont tho quantity of carbon dioxide present m the 
atmosphere, measured in litros pci t-ubu metre, the light will bo given 
by the foimula — 

L - 1*012- 0 0072-m 

V.mations m the height of tho flame are of the gieatest importance. 
If h is tho height-- 

L - 1 +0 025 (A- 40), 
or L - 1 -0 030(40-A), 

act ending as h is above oi below 40 mm * The moan variation is, 
therefore, over 2J per cent pel mm Owing to the bright halo which 
sui rounds the flame, it- is by no means easy to adjust the height 
correctly 

Finally, although it was at first stated that the degree of puuty of 
the amyl acetate hud no veiy considerable influence on the light, this 
has of late l>een denied, some authorities going so far as to state that 
sufficiently puic amyl acetate cannot be obtained m France t 

Those facts will suffice to show that the variations are mainly due to 
causes inherent in this class of standard Some of the difficulties can 
be obviated by providing a chemically pure atmosphere, and researches 
aie being earned out in America in this direction, but it is obvious 
that any such improvement will involve a considerable complication of 
the apparatus 

lncmidewnd Sttmdauh 

In the case of standards of this class, tho constancy of the light 
depends essentially on the constancy of the temperature at which the 
radiating body is kept, and on the constancy of the emissivity of the 
body at that temperature 

The temperature may bo fixed by some definite physical phenomena 
as in the Blondel and Violle standards, or it may be determined in a 
more oi Less arbitrary manner, as in tho Lummer and Kurlhaum 
standard. 

* 1 Journ. fur Gasbeleuchtung und WMBerrsrsorgung,' vol. 31, p. 588,1888, or 
f Eloktroteohni*che Zeitechnft,’ vol. 0, p. 96, 1888. 

t ‘ Bapport sur lf« Unites Photom6bnquc»»' A. Blondel, Congrfe* International 
des Kloctnciens, Gonfevo, 1896. 
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Any solid substance that would not disintegrate at a temperature of 
about 1700° C. might, aptwn J be chosen as a radiator [t has, how¬ 
ever, been shown that most of the oxides when maintained at these 
high temperatures undergo a change in their emissive properties, and 
cannot, therefore, be used for the purpose we have m view * The 
choice thus seems restricted in practice.* cither to carbon or to one of the 
metals of the platinum group 

Beforo [Missing on to the experimental part of the work, it may bo 
well to recapitulate the necessary quail heat ions of a standard ol light 
The requirements may be briefly summer! up under thicc heads — 

1 The standard must remain constant. 

The slow penodie variations of the amyl acetate lamp which extern! 
over a period of several months are a*, much to l>e avoided as the 
flickormgfe of the candle oi the hourly changes of the Care cl lamp 

2 The standard should be reproducible 

This condition is satisfied when the standards reconstituted by inde¬ 
pendent investigator s show no measurable variation between one another 

3. The light emitted should be as nearly as possible of the same 
spectral composition as that of the* chief artificial lights now m common 
use t 


On the luhtnsH Ihtllnnirtf of tin Ctotet ft) tin *!n 

For many years it had been noticed that the ami of the ciutui of 
un electric arc when burning between carbon poles mcieased about m 
proportion to the unroot, also that the light emitted increased in the 
same ratio as the area ot the crater These and othei facts led to the 
conclusion that the temperature of the u.itei remained constant The 
hypothesis was put foi ward that this temperature was the 1 tailing point 
of carbon, this theory liemg supported by the experiments made in 
1892 by J Viollo.§ In the same yoai it was proposed simultaneously 
by Swinburne, S P Thompson, and Blondel,|| that the ciater of the 
arc should be used as a standard of light, Blondel publishing a series 
of experiments illustrating the way in which the new standard might 
be used 

In 1894 A Trotterli proved that when the arc is not silent the ciater 
* Nichols and Creho re, ‘Trim? ot the Aiiu*r Inst, of Hcutncal Kng / rol Id, 

p 100, 1806 

t Strictly speaking, it is only when two bgbf# nrc of the same spec tral composi¬ 
tion that the ratio of their intensities cau bo expressed by a single figure 

J Professor S P Thompson'* Cantor Lectures, 1895, see also “The Electric 
Arc," by Mrs Ayrton, * Tho Electrician/’ vol 34, p 399,1895 

§ ‘ Jo urn de Physique/ 8 s5r , vol 2, p 545, 1893, and * Comptes Rendu*,' 1892, 
p. 1274 

(j See * Proc. of the Int, Electrical Congress at Chicago/ 1898, pp. 269, 267, 315, 
If * Roy Soo. Proe / 1894, vol. 56, p 262; see also “ Effect of Pressure on the 
Temperature of the Are," K Wilson and O. F Fitcgerald, ‘Roy 8oi Proc.,* 
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in formed by a point or line of very high intrinsic brilliancy rotating 
at a speed of from 50 to 450 revolutions per second. 

The existence of the above mentioned phenomenon forms a senous 
objection to the use of the electric arc as a primary standard, but it 
does not, pet render its use impossible.* Finally, the variation of the 
intrinsic brilliancy of the crater is a question which in itself offers con¬ 
siderable interest 

The points on which the present work bears are threefold— 

1. What is the average intrinsic brilliancy of a normal (silent) 
arc ? 

2 When the conditions are carefully specified, are the variations still 

too gieat to allow of the use of this source of light as a 
standard ? 

3 What variations can lie obtained by the use of excessive currents 

and current densities, and by surrounding the arc with an en- 
eloHiue maintained at a veiy high temperature ? 

To obtain consistent results the observations must be made on a very 
small area selected from the central portion of the crater. 

The diaphragm used tor this purpose is shown m fig .1 The 
opening, */, is 1 17 sq mm m cross-section t The diaphragm is 
shaped much like the tuyeie of a blast furnace, and being kept cool 
by a water circulation it can bo placed within a very 'short distance of 
the crater of the arc. 

The next question involved was the determination of the best lelative 
position of the carbons In the usual anangemont of the arc the centre 
of the cv ater is hidden by the negative carbon. A modification of this 
arrangement, used by Blondel, which consists in slanting the carbons 
and placing the positive slightly liehirul the negative, was found not 
to be entirely satisfactory An attempt was made to take tho observa¬ 
tions through a hole drilled out of the negative carbon (see fig. 1), but 
when the arc was started this hole became filled with mist, and the 
plan had to be given up. 

Fig 2 shows diagramniatically the next arrangement which was 
tned. The carbons «i, «.», /t s , are negative, and form the edges of an 
equilateral pyramid, the axis of which is in tho prolongation of the 
positive carbon P. The summit of the pyramid is at the point P. 
Tho cratei formed on the positive caibon by these thioe arcs is in 

vol 68, p. 174, 1896, vol. 60, p. 377, 1897; see also the account of the discussion 
on tin* subject on the 19th February, 1897, at tile Soci6t4 Fran^aise de Physique 

* On this subject nee Captain Abney, * Journ of the Inst Klee. Eng vol. 28* 
p 443, 1890. 

t It has been shown by Professor S. P. Thompson (see ' Phil. Mag.,* vol. 37, 
p 120, 1893) that when diaphragms of very small diameter are used the thickness 
of the plate in which the aperture is pierced introduces a serious error in the 
measurements. This difficulty was avoided by counter-iiuking the opening. 
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full view, ami good Jesuits might have been obtained in this manner 
Unfortunately this disposition had to l>e abandoned, as it soon became 
evident that it was impossible for one observer to adjust the current? 
in the three independent electrical cm nits, to feed up the four carbons, 
and to make all the elect Meal and photometric readings 

Fig 2 — F, po-utivepoJp ; * I} t» if negative polpa; Rj, R,, R,, ramble rcsistancea j 
Bj, Bj, B|, batteries. 



The disposition which was hnally adopted is shown m h g. 3 The 
diaphragm d sciews into «i screen * This screen is supported on a 
system of pivots and levelling sciews, so that it can be raised, lowered, 
or turned louud a vertical or horizontal axis. The opening d can 
thus be directed to any portion of the crater The positivo carbon is 
horizontal, and so placed that its axis coincides with the axis of the 
photometer. 

Two distinct senes of experiments were earned out: one with the 
art placed in a metallic enclosure kept at about 20' C. by a water 
circulation, the other m the enclosure shown m fig. 3. The tempera¬ 
ture of this enclosure varied from the melting point of silver to near 
the melting point of platinum, according to the amount of power 
expended in the arc. Jtefei ring to fig. 3, '* is a carbon crucible sur¬ 
rounded by a thick layer, />, of firebricks and refractory clay. The outer 
cohering a is of asbestos. Both the high and low temperature enclo¬ 
sures were provided with a small camera oliscura (not shown in the 
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FiO. 3 —rt, as bus to b box ; b t lining of refractory bricks j r, graphite crucible ; 
d, diaphragm, screen 



figure), by aid ot which the i dative positions of the rail ions could bo 
adjusted and tho lengtli of tho ate measured 

“Apostle 0 carbons ucie used in all the experiments The size of 
the positive caibon vaned from 6 to 25 mm m diameter 

To obtain tollable results a sufficient cuirent density must be used to 
give a frtiily Inigo eiatci The are must also be sufficiently stable for 
the crater to remain some considerable time without shifting its posi¬ 
tion Finally, it is desirable that the ate should lie burning in a 
normal manner, and therefore neither hissing nor roaring 

Given those conditions, it is impossible to vary either tho current, 
the electromotive force, or the length of arc, within very wide limits 
In the experiments recouled in Table I, the mean intrinsic brilliancy 
is 147 candle power per square millimetre, the variations from the 
mean amounted to 10 per cent 

Table II gives experiments made undei similar conditions, but with 
the enclosure in which the arc was burning at a temperature of over 
900° C. The average intrinsic brilliancy calculated from this table is 
143, or about 3 per cent lower than when the enclosure was at the 
ordinary temporaturo It would, however, he unwise to attach *too 
much importance to this change. The difficulty of obtaining consistent 
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Table I.—“ Silent ” Area. Enclosure at about 20 w C. 


Electro¬ 
motive 
force in 
^olts 

Current 

in 

arnpri ch 

| 

| Power in 
w at.t.H 

i 

Duuucbcr 
of the 
posithe 
larbon 
in mm 

1 

Current 
density in 
amperes 
per *q mm 
of cross- 
sectional 
area of 
positive 
carbon 

Length 
of arc 
in mm 

Intrinsic 
brilliancy 
of tho 
crater m 
t audio* 
power 
per 

sq mm 1 

05 O 

8*1 

1 520 

8 

0 lftl 

4 8 

136 

«4 5 

7 0 

I 452 

! 8 

0 130 


141 

72 V 

10*8 

I 742 

! 8 

0 205 

« 0 

143 

70 3 

7 3 

613 

1 0 

O *258 


147 

61 7 

0 0 

| 370 

0 

0 212 

5 1 

154 

02 V 

1 » 1 

| SO 4 

8 

0 322 

8 0 

1G0 


1 Kaih of the figures id thin column w the mean of a number of photometric 
ob*o nations. 


Table II —“ Silent ” Arcs. Enclosure above 900' C. 


Electro¬ 
motive 
force in 
\olt«. 

Current 

in 

amperes 

Power in 
watlH 

' 

Diameter 
of the 
positive 
carbon 
in mm 

Cui rout 
density m 
amperes 
per sq mm 
of cross* 
sectional 
urea of 
positive 
cm bon. 

Length 
of are 
in mm 

Intrinsic 
brilliancy 
ot the 
erater in 
candle, 
power 
per 

sq mm 1 

88*0 

11*0 

913 

8 

0*219 


136 

67 0 

10 9 

621 

15 

0*061 

, 

142 

61 0 

8 6 

525 

8 

o 171 

1 0 *0 

1 

152 


1 Each of the figure* in tliiB column is tho mean of a number of photometric 
observation* 


results is considerable, and a 3 per cont. variation is well within the 
experimental error. 

The conclusions we have reached may be summed up as follows:— 

1. The intrinsic brilliancy of the crater of a silent arc is about 147 
candle power per square millimetre. 

2. Even when the most favourable conditions are selected, and the" 
intensity of current and the length of the urc are maintained constant, 
it is difficult to obtain consistent rosults, variations of over 5 per cent, 
being by no means unfroquont. The crater of the arc does not, there¬ 
fore, possess the qualities required of a standard. 
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3. Variations in the size of the carbons, in the intensity and density 
of the current, in the length of the arc, and in the total power ox 
pended (as long as the arc is kept silent), will not cause tho intrinsic 
brilliancy to vary more than 10 per cent on either side of tho mean 

4. No sensible variation in tho intrinsic brilliancy, and therefore m 
the temperature of the crater, is produced by placing tho carbons m an 
enclosure main tamed at over 900° C. 

With regard to the constancy of the tomporature of tho cratoi, these 
results are not without importance 

Having this question in view, it was necessary to determine what 
were the effects of extreme variations of current density and power 

In Tables III and IV will be found tho results of observations taken 
when the arc was hissing * 


Table III.— u Hissing” Arcs Enclosure at 20 C 


Electro¬ 
motive 
force m 
volts. 

Current 

in 

amperes 

Power in 
watts. 

Diameter 
of the 
positive 
carbon 
in mm. 

Current 
density in 
umpores 
per sq mm 
of cross- 
sectional 
area of the 
posit lie 
carbon. 

Length 
of arc 
hi mm. 

Intrinsic 
brilliancy 
of the 
crater in 
candle- 
power 
per 

sq. mm. 1 < 

70-0 

15'8 

HOC 

8 

0*314 

4*8 

». 136 

42-0 

21 6 

007 

8 

0*410 

1*2 

143 

58'0 

25*8 

1367 

8 

0*514 

2 9 

1G7 

44-0 

50 0 

2200 

_ j 

15 

i___ 

0*283 

• • 

160 


1 Each of the figures m this column is tho mean of a number of photometric 
observationii. 


It will be seen that the current varied from 6 to BO umpores, the 
current density from 0 03 to 0 51 umpero per square millimetre, and 
the power from 370 to 2H00 watts. 

The lowest photometric readings gave 119, and the highest 160 
candle power per squaie millimetre. 

* The word “ hissing ’* is used here as being tile generally accepted term. It is 
only when the current density is “mall that it is actually descriptive of tho sound 
made } as the current increases, the pitch rises, until with a very short arc and a 
current density of nbout 1 umpero per square millimetre, the sound is between a 
whistle and a scream The arc then assumes a very peculiar aspect, a pointed blue 
flame, like the flame of a blow-pipe, being sent out from tho crater. Tiiis effect was 
most markod when the high temperature enclosure was used. With the uboie 
current density the entire carbon becomes white hot and burns away with great 
rapidity, an increase in the intrinsic brilliancy seems also to take pluce Unfortu¬ 
nately, it was not found possible under these circumstances to obtain reliable photo¬ 
metric observations. 
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Table IV.—“ Hissing ” Aim Enclosure nho\e 90CT C 


Electro¬ 
motive force 
in volts 

Current in 
amperes 

Power m 
watts. 

Diameter 
of the 
posilivo 
carbon 
in mm. 

Current 
density in 
amperes per 
sq. mm of 
cross* sectional 
area of the 
positive 
carbon 

Intrinsic 
brilliancy of 
the crater in 
candle-]>o*er 
per eq mm 1 

79 0 

18‘0 

1422 

15 

0-102 

119 

45 *6 

42*0 

1915 

15 

O *238 

121 

60*8 

18 0 

1122 

25 

0 038 

130 

52 *0 

500 

2860 

25 

0112 

133 

41 0 

43 1 

1779 

25 

0-088 

137 

50 0 

89 3 

1965 

15 

0 -222 

142 

__ _ 1 

1 _ 

_ 

__ 


i 


1 Kach of the figures in tins column is the mean of a number of photometno 
observations 


If we assume that the formula * 

t - 400 = 889GMW* 

(t * temperatuiu in degrees centigrade, h -= mtnnsic brilliancy in 
candle powoi per square centimetre), holds good for carbon at these 
high temperatures, the above change in candle power corresponds to n 
variation of temperature of from 3866* to 4018 J C The total alteia 
tion in absolute temperature thus works out at 4 per cent. Observa¬ 
tions made on silent arcR (Tables I and II), reduced in the same 
manner, give the extremo limits of temperature as 3935" and 4018 P C , 
or a change of 2 per cent, in the absolute temperature. 

These variations are somewhat greater than we should meet with m 
the case of substances boiling at ordinary temperatures. It must, 
however, be borne m mind, that even iri the case of a silent arc, the 
crater is the seat of several secondary phenomena, which under certain 
circumstances may affect the boiling point, t The term boiling point 
is in itself misleading, its it seems possible, if not probable, that at 
atmospheric pressure carbon does not become liquid, but like carbon 
dioxide, passes direct from the solid to the gaseous state. It has fre¬ 
quently been stated that impurities cannot affect the temperature of 
the crater, as all known bodies become gaseous at a lower temperature 
The experimental data to substantiate this are entirely wanting; silica, 
lime, alumina, magnesia, and other substances are solid at the tem- 

* * Phil. Turnsrol. 191, A, p. 5J6, 1898. 

f Mrs Ayrton, ** On the Hissing of the Electric Arc,*' * Journ. of the Inst of 
Elec. Eng.,* rol. 28, p. 401, 1899; also Dr. 3. A. Fleming®* remarks during the 
discussion of Mrs. Ayrton’s paper, p. 489. 
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perature of melting platinum, ami it is difficult to predict at what tem- 
poiaturo they volatilise. 

Taking everything into consideration, it may therefore be said that 
the present experiments confirm the theory that the crater of the arc 
is at the temperature of volatilisation of carbon 

The eailieflt determinations of the intrinsic brilliancy of the crater 
wore made in 1878 at Chatham under the threetion of the Royal 
Engineers* Committee * The results varied from 39 to 442 caudle 
power per squat o millimetre, the mean value being 110. With regard 
to more recent researches, Trotter gives the intrinsic: brilliancy as 64, 
Weber as 70, and Blondel as 158 candle power per square millimetre. 
With the exception of those of Blondel all pievious results are very 
much lower than the values I ha\e obtained The discrepancy may 
be attributed to the fact that instead of using a diaphragm to select 
the rays from the centre of the crater, the fiist named observers 
estimated the total area of the crater, and compared it with the total 
amount of light. 


On th*> La miner and Km Urn urn lnmmle^ent Platinum Standard . 

In 1894 Drs O. Lummer and F Kurlbaum proposed a new standard 
of light.t A atrip of platinum foil 25 mm. wide, 0 015 mm. thick is 
brought to incandescence by an electric current of about 80 amperes. 
The temperature is increased until one-tenth of the total radiation is 
transmitted through a water trough 2 cm. in width. This ratio is 
determined by means of a bolometer. The construction of the instru¬ 
ments require the greatest care, and three months had passed befoio I 
was able to obtain the first observations The instruments used for 
this work are shown in fig. 4. The explanation appended to this 
drawing is sufficient to render further description unnecessary. 

It would he useless to give details of the expenmeuts which in the 
main confirm the results already obtained by Lummer ami Kurlbaum. 

With the same apparatus used in the same manner the light is prac¬ 
tically constant as long as the ratio of radiations is adjusted to 1 /10 
per cent. 

The adjustment of the temperature of the platinum foil with the 
required degree of precision is, however, most tedious, and m fact all 
but impossible, oxcept under the most favourable conditions. This 
consideration, together with the complicated nature of the apparatus, 
render this light impracticable as a working standard. 

At the beginning of the present paper it has been pointed out that a 

* R K. Committee extracts for 1879 j Report of the Electric Light Experiments 
earned out at the School of Military Engineering at Chatham. 

t * Berichte der Freuss. Afcademie,' 1894, p. 227; ' Elektrotechnuche Zeit- 
schrift; 1894, p. 475. 



'ia. 4—Apparatus used for the investigation on tlio Lummer uml Kuilbaum incandes¬ 
cent platinum standard — 

1 Incandescent lamp serving as staudard of reference 
2. Lummer and Brodhun photometer head. 

5. Enclosure in whioh the ineandesoeut platinum toil is planed with the 1 sq cm. 

diaphragm 

4. Screen to out oft the radiation from tlic bolometer 

6. Water-trough, with quarts sides 2 cm. apart. 

6. Bolometer with the cover removed to show the film* 

7. Bolometer cover. 

5. Clips for holding the incandescent platinum foil; this plate fits on to the back of 

the enclosure 8 

i). One of the water circulation diaphragm* used to keep any extraneous radiation 
from the bolometer. 

VOL. LXV. 2 N 
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standard must be constant, reproducible, and must emit light of a suit¬ 
able colour. We have just seen that the source of light under con¬ 
sideration may bo regarded as fulfilling the first of these conditions, 
with regard to the second and third, the conclusions are less favour¬ 
able. * 

By definition, tho ratio Iwjtwcen the total radiation and that trans¬ 
mitted through the water trough must bo as ten to one, 1 per cent 
error in tho electrical measurements causing 3 per cent, change in the 
light. To obtain the required degree of precision the galvanometei 
deflections must bo reduced to equality. Three methods are avail¬ 
able :— 

1 Tho liolomotor current may he reduced in the ratio of one to ten 

2- A l/10th shunt can bo introduced into tho galvanometer circuit. 

3, Tho distance between the bolometer and the radiator may bo 
varied in tho ratio of 1 to J 10. 

None of these methods is entirely satisfactory. The reduction of the 
current through tho bolometer involves a considerable complication of 
the apparatus, and interferes with the steady working of the instru¬ 
ment. It is also by no means impossible that the resulting change m 
the temperature of tho bolomotcr films may change their coefficient of 
absorption. With a shunted galvanometer, tcmporatuio changes and 
theimo-currcrits arc a frequent source of error. The most reliable 
method is to change the distanco of tho radiator; but here again two 
objections arise. The enclosure containing the platinum foil is rarely 
at a temporaturo so closely approaching that of tho bolometer films 
that shifting this large surface leaves the instrument unaffected. 
The law of inverse squares cannot strictly lie applied, as the rays of 
light are refracted when passing through tho water trough. In prac¬ 
tice, marked variations woro obtained when tho method of determining 
the ratio of the two radiations was altered. 

The use of another form of bolometer produced a considerable change 
in tho light omitted. Tho bolometer films are coated with platinum 
black by electrolysis. The composition of the bath, the electromotive 
force, and the current have been specified ; but it was found that tho 
temperatuie of tho bath and the resistance of the film affected the 
nature of the doposit obtained 

* Finally, the spectral composition of the light is unsatisfactory, the 
colour being much too red. 

Wo are thus driven to tho conclusion that this light does not 
possess all the qualities required of a primary standard. Under 
cortain circumstances it may be of the greatest value as a standard of 
reference. It is used in the Reichsanstalt to check the values of tho 
Hefner lamps; for purposes of this kind it is well suited, and might 
with advantage bo moro frequently used. 
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Preliminary Research on the Molten Platinum Stand aid of L»gliL 

Tho uso of molten platinum as a standard of light was first proposed 
by J. Violle* at the Congres International des Klectnocns on the 21st 
of September, 1881.t In 1881 Violle published an account of his 
experiments with the now standard* which was adopted in the same 
year by the Conference Internationale pour la Determination dcs 
Unites Electriques on the 2nd of May, 1881 J The adoption was con¬ 
firmed by the Congrta International des Electnoiens on the 21st of 
May, 1889, when it was specified that tho practical unit should be the 
bougie dA'tinulr, and by the International Congiess m Chicago m 1893, 
and the Congres International des EloctncieiiH at (Ionova in 189G, 
when theu.se of the Hefner lamp as n piactical staml.ud was recom¬ 
mended. 

Since the adoption of this unit the aim of most of the c\penmental 
work on tho subject has been not so much to find a Mutable method of 
using the Violle standard as to obtain a substitute for it These 
efforts have resulted m tho well-known instillment devised by W Sie- 
mens§ for fusing platinum foil, and in the proposal made by C It. 
Crossll to use as a practical standaid the light emitted by a thin 
platinum wire at its melting point 

Physiological considerations render such a thing as an instantaneous 
photometric reading an impossibility, and heicin lies the principal 
icason why the above proposals have had to lie abandoned Apart 
from this f;ict, it is extremely doubtful if either in the tase of fine wire 
or thin foil the break oceuis actually at tho temperature of fusion ol 
the metal.H Cross admits that theio were considerable differences m 
the quantity of light emitted pei unit area when the diameter of the 
wire was changed In connection with tho present work a number of 
experiments were tried, both with who and foil, but the lesiilts were by 
no moans encouraging. 

* Fop Violle’s researches wee * Comptea Rendu**/ vol 88, p 171, 1H79, vol. 85, 
p. 543, 1879 f vol 92, p. 866, 1881; ‘ Lumi^re Electrique/ vol. 14, p. 475, 1884, 

1 Annales do Chnme et do Physique,’ sfr. 6, vol. 3, p. 373, 1884. 

t * Coinptes KemluM du Congrts International den EIo< lricu*ug/ Paris, 1881 
Assemble glnurale, Troisifeme Stance, p 50 Seo also * Frocbs-Vorbaux do la 
Conference Internationale pour la Determination des Unites Electriqucs.* Troi- 
sibrne Commission, Stance du 20 Octobrc, 1882, p 131 

{ * Conference Internationale pour la Determination des Unites Eleotriqucs.’ 
Douxibme Session, Troiaibrno Stance, Mai 2, 1884, pp 23, 115. “L’unitd do 
chaquo lmmbro simple ost la quantity do luimbre de memo cspbte oidjho en direc¬ 
tion normale par nn centimetre carr£ de surface de platire t'ondu, & la temperature 
de solidification. L’umtb pratique do luraibre blanclio est la quantity totoio do 
liunibre bmiso normaloment pur la m6mo Mource.” 

§ ‘ Elektrotecbmsche Zeitschrift,’ vol. 5, p 244,1881. 

|| 4 Electrician/ vol. 17, p. 614, 1886. 

*T Seo * British Association Fourth Report of the Standards of Light Committee/ 
App. II, 1888, p. 47. 
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As far as I am aware only one research has been carried out with a 
view of repeating the Viollo standard on anything like the scale 
onginally used. Thin research was made at the Keichsanstalt* in 
Berlin The w oik pioved unsuccessful, and a detailed account of the 
experiments has never been published This renders it very difficult 
to suggest a reason why roliablo results were not obtained. 

In the case of molten platinum, owing to the high rate at wduch hoat 
is lieing dissipated, it is quite possible for one part of tho mass to be 
liquid while another part only a few millimetres distant is considerably 
IkjIow the temperature of solidification. This source of eiror should be 
minimised by tho choice of suitable experimental conditions, and by 
i educing tho results by some method similar to the one given l»olow 
Again, all tho magnesia 01 lime bricks I havo l>een able to secure con¬ 
tain a cel tain ptoportion of silica. This, as will lie pointed out later, 
is sufficient to render them useless for the purpose in view. In the 
account of the Reiehsaiibtalt experiments this difficulty is not men¬ 
tioned 

In common with all other pure substances, platinum has a constant 
ficc/mg point, the length of time, however, during which the con¬ 
stancy of tompeiature will l>e maintained, depends mainly on three 

factors 

Ft we take I) to represent the quantity of heat dissipated by the 
platinum pei unit time when at its temperaturo of solidification, II the 
heat supplied to the metal pel unit time, and L tho total latent heat of 
the mass, and supposing for tho present that the thermal conductivity 
is voiy groat, tho timo (lining which tho temperature will remain con¬ 
stant will be— 


For the object we have in view the tune ot constancy must be made 
as great as possible 

One method of increasing the time t is to make H very neatly equal 
to I), or, m other woids, to supply heat to the molten metal at nearly 
the same rate as tho metal is losing it. \V r e may supply tho nocossary 
quantity of heat II by means of an electric current, or, using a large 
surface of metal, wo may keep the blow-pipe going on one part of the 
surface while the observations are lieing made on some other portion 
If wo abandon tho idea of supplying heat during the timo tho obser- 
v at-ions are being taken, the formula becomes— 



* 1 Tliatigakeitabenchte der RoioliAansfcalt,' 1800 and 1802—1804, or 1 Zeit- 
aohrift fur Inatrumentenkunde/ rol. 11, p. 149, 1801, and vol. 14, p. 266, 1804. 
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In order to reduce the amount of heat dissipated we must place the 
platinum in tin enclosure at nearly the same temjHjrature as the metal 
itself, take the observations through a relatively small opening, and 
make the thermal insulation of the mass as perfect as possible In tho 
above formula*, L being a function of the volume and 1) a function of 
tho surface, wo may, for any given cn cmnstanccs, increase tho time t 
by increasing tho total volume of tho metal 

But it now becomes necessary to take into account the thermal con¬ 
ductivity of the metal. Strictly speaking, any given portion of the 
surface can only lie at the standard tompciature t t foi the very small 
fraction of a second during which the solid film is foimmg, later on 
tho surface is at some lower temperature (/*-«) whoic /> is tho 
temperature interval which is icquired to cause tho heat to flow fjom 
the parts of the mass wheie the process of solidification is actually in 
progress to the surface at the same rate as it is thero being dissipated. 
Thus by increasing tho moss of the metal wo cannot indefinitely in¬ 
crease the time available for the photometnc observations Unless 
the rate at which tho heat is being dissipated at tho surface under 
observation is made small, the temperature will not remain constant 
during tho process of solidification, but will fall moie and more rapidly 
as a larger proportion of the mass becomes solid. 


On the Fasum of Platinum hy an Flirt nr Cunt nt . 

Fioin the considerations that have just Jkjcii emmieutcd, tho ad¬ 
vantages of an electric method of heating the metal arc at once 
apparent. 

In tho preliminary expeiinients a number of different forms of 
oloctric furnace were tried In some cases the electric arc w<is used, 
m others tho crucible was surrounded wnth a layer of graphite through 
which the heating current was pressed. It is well known that at high 
temperatures platinum combines with carbon forming a carbide, and 
thus the use of graphite crucibles was out of the question 

It is unnecessary to give further details as the experiments were 
not successful. No material could lie found that would resist the 
high temperature of tho arc and the chemical action of the incandescent 
carbon, and at tho same time not affect tho punty of the platinum. 

It was then decided to fuse the platinum by posing the cm rent 
directly through the motal itself. The appiratns shown m fig. 5 was 
designed for this purposo. Some forty large secondary cells were, by 
aid of the mercury switch, connected m pnallel on to two “ 'bus-bars.” 
The current was carried by massive copper leads to the terminal Tj, 
and from there by a ono square inch bar to the clip passing through 
the platinum bar A to the clip C-,. R is a U-shaped mercury trough 
serving as a variable resistance. The copper short-circuiting piece D 
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could 1)0 slid along the U so as to increase or diminish the effective 
length of the morcury. The clips Ci and Cb were hollow and kept 
cool by a water circulation, A rapid flow of water was also maintained 
over the surface of the mercury. The electric circuit was completed 
through the mercury switch »S and mi amperemeter. 


Flo 5 —Apparatus for the fusion of platinum burs by an electric current. 
A, platinum bai , C|, Cm, copper clips in winch the platinum is held, L, luno 
trough which supports the tused metul; R, mercury trough serving as a 
▼unable resistance j D, coppor short-circuiting piece, 8, mercury switch, 
T,, T 3) massive copper loads to the battery terminals , I and O, water inlet and 
outlet 



With this .uiangement currents up to 2000 amperes could be 
maintained foi several hours. The platinum was supported by a 
trough, L, of some refractory material which was carefully cut to fit the 
metal bar. From the first it was evident that the principal difficulty 
would be to find a suitable material for this support. The weight of 
the molten metal acting on the supporting material gradually causes 
the shape of the trough to alter, anil in a comparatively short time the 
cross-section of the metal becomes \ery irregular. The platinum then 
superheats in the placo whore the cross-sectional area has 7>oen most 
reduced, a spark occurs, and the molten metal thrown aside by the 
explosive force of the discharge, freezes before it has time to flow back 
into position. It is of course easy to ro-weld the platinum, but the 
same difficulty will recur time after time and at more frequent inter¬ 
vals as the shape of the trough becomes more and more distorted. 
Some twenty burs of different shapes and sizes were used with the 
same result. Had it been possible to use larger bars, any small 
distortion of the trough would'* probably not have affected the 
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experiments. However, as already stated, 2000 amperes was the 
maximum current available, and with this current it was found 
impossible to melt bars of much more than 70 sq mm m cross- 
section. 

The length of the span between the edges of the clips was usually 
70 mm., but in some cases this length was reduced to 40 mm 

Lime, alumina and magnesia were the materials used fox the 
troughs 

It became evident that small platinum bars could not be maintained 
for any length of time m the molten state when supported on the 
ordinary refractory materials, and it was decided to make use of motal 
supports. 

The question of cost excluded the use of the metals of the platinum 
group, and in default of a better material the trough whs made of 
nickel. A number of nickel plates insulated from each other by mica 
were bolted togothei so as to form a solid block. In tins block a 
cylindrical groove was cut, its axis being perpendicular to the dnection 
of the laminations. The nickel plates wore 1 8 mm in thickness, 
every alternate plate projecting 5 nun on the sides and 6 mm below. 
Through the channels thus formed a rapid circulation of water was 
maintained. The platinum bar was semi-circular in cross-section and 
deeply grooved on the lower side where it came m contact with the 
nickel Tho shape was much the same as would be obtained by cut 
ting an ordinary bolt in two along its axis, the edges of the V-shaped 
thread bearing on the nickel. In this manner the somewhat anomal¬ 
ous experiment of fusing platinum in a nickel crucible was successfully 
carried out. Needless to say that tho anomaly is only apparent, tho 
molten platinum did not come in contact with tho nickel, hut was 
supported in a shell of solid platinum. Tho cooling was so eflicacious 
that the nickel crucible never once became red hot. When the metal 
ts fused in this manner tho quantity of heat lost is \eiy considerable, 
and the effective cross-section of tho bars had to bo greatly reduced 
The cross-sectional area, as measured from the bottom of the grooves, 
did not exceed 30 sq. mm. At tho surface of the bar the central 
channel of molten metal was not more than 2 mm in width. If the 
current were forcod so as to melt a larger surface, the bottom of tho 
threads softened sufficiently to allow the fused platinum to run 
through, thuB causing the bar to break. 

Even when this occurred the platinum was found to froeze rapidly 
enough to prevent it alloying with the nickel support 

If the above experiments were made on a larger scale some valuable 
results would certainly bo obtained. By the use of a largo welding 
transformer there should bo no difficulty in fusing bars of ten or 
twenty times the cross-section of those used in tho present instance. 
As will be seen below, good rosultf^can bo obtained when tho ordinary 
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oxy-hydrogen flame is used to fuse the platinum, but, taking every¬ 
thing into account, the electrical method, if carried out on a sufficient 
scale, would not only Ikj more simple, but would afford a more ready 
means of varying the rate of cooling 


On the Fusion of Platinum hj the Oxy-hydrogen Blow-pip*. 

The object of the following researches was to repeat the work done 
some years ago by Viollo, and to determine what are the l>est 
experimental conditions Tt is a somewhat ciuious fact that, although 
Viollo makes no mention of having encountered any special difficulties, 
his experiments have novel been repeated with success. Evon under 
the best conditions (such as aie obtainable, for instance, ut the 
Beichsansta.lt) the results have not proved satisfactory. Under these 
circumstances, it seemed hardly advisable to attempt any further 
icsearch m this direction. Put the theoretical advantages of the 
Viollo standard appeal strongly to anyone who has studied the 
standards of light now in practical use, and it was thought that, 
whatever the final result, the time spent in this study would not 
bo lost 

The preliminary experiments occupied somo considerable timo, and 
nearly six months passed before the conditions under which the fusion 
should tako place were clearly established. The platinum was fused 
several hundred times, the conditions being varied in every conceivable 
way. The shape of the furnace, the material of which it was made, 
the form of the blow-pipe, the relative proportion of the gases, in fact, 
everything that could have any bearing on the final result was in turn 
studied, and the most fa\ ouiable conditions determined. The slightest 
impurity on the surface of the platinum has a considerable effect on the 
quantity of light emitted. When cold the surface always appears 
fairly bright and clean, but there is a tomperature between a white and 
red heat at which the smallest impurity is clearly visible. At this 
temperature the platinum mgot, if it bo quite pure, is very similar to 
a pool of molten glass. Any small impunty will cause a slight haze, 
resembling that produced on a miiror by a breath of moist air; if the 
impurities are present in a larger proportion tho surface becomes very 
similar to a sheet of ground glass. 

Tho necessary conditions to ensure a pure surface may be briefly 
summed up as follows:— 

1. The platinum must be chemically pure. 

2. The crucible must be made of pure lime. 

Pure magnesia does not form a sufficiently coherent mass, and, alu¬ 
mina being light and flocculent, allows the metal to sink through it. 

Tho lime should be entirely free from silica, one-quarter per cent, 
being sufficient to spoil the surface. 
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The boat method of preparing the lime is to ignite calcium carbonate 
which has been precipitated from calcium nitrate by ammonium 
carbonate.* 

3. The hydrogen burned must contain no hydrocaibons 

At these high temperatures platinum combines readily with cailwm, 
and any carbon in the flame would rapidly tarnish the surface of the 
metal. 

4. The gases should lie burnt in the ratio of foui volumes oi 
hydrogen to three of oxygen 

All the best results were obtained when using the gases in the above- 
mentioned proportion. The temperature of the flame is then but 
little above the melting point of platinum, and the metal docs not 
superheat to any great extent. When the platinum is considerably 
superheated it slowly distils, the drops condensing on the buck forming 
the cover of the furnaeo , the metal then drips back into the crucible 
carrying with it some of the silica whirh the buck contains, and thus 
contaminating the surface which is under observation An excess of 
oxygen in the flame is also favourable, inasmuch as it oxidises any 
impurity that the platinum may contain. 

Finally it is important that the blow pipe should be so constructed as 
to ensure a thorough mixture of the two gases. 

The most favourable conditions bong established by theso prelimi¬ 
nary experiments, the necessary apparatus had now to be designed. It 
may l»e thought that tho instruments are unnecessarily complicated, 
but it must be l>orno in nnnd that a single expenmenter had not only 
to make all the observations, but also to regulate tho flow of the g.ises, 
tho electromotive force on the terminals of tho standard lamp, and the 
current of water passing through the diaphragms. Most of the appa¬ 
ratus had, therefore, to be made automatic in its action 

The instruments serving to icgulate tho supply of gas are shown 
in fig. 6. The gas supply is stored m large cylinders at a pressure 
of from 100 to 200 atmospheres S is a device worked by an 
electric current from a key placed under the photometer head. When 
tho key is pressed the chopper 0 falls, coinpressing the india-rubber 
tubes and cutting off the gas from the blow-pipe. (This device is shown 
in elevation at the bottom of fig. 6, on the left-hand side.) Tho 
hydrogen escapes through a valve to the burner B where it is ignited, i 
the oxygen blows off through the water trap T When the chopper 
0 is up the gases, after passing through the meters provided with 
scales reading to ono-hiuidrcdth of a cubic foot are burnt from the 
blow-pipe P. 

On one of the circuits the gas is forced through a diaphragm with 
an opening of about ono-hundredth of the normal cross-section of tho 

* This method was suggested by Dr. A. £cott, to whose kind advice the solution 
of many of the chemical problems involved in the present work is due. 
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rubbor tubes The gauge It indicates the difforcnc e of pressure between 
the two sides of this diaphragm. By the aid of this gauge It the rate 
of flow of the gas can bo kept constant at any desired value. The 
gauge G serves to regulate the ratio of tho two gases Two bells 
float in mercury, the interior of one being placed m communication 
with tho oxygen inlet of the blow-pipe, tho interior of the other with 
tho hydrogen mlct Tho apparatus is merely a balance, tho two 
quantities weighed being the pressures of the two gases Tho point of 
support is empirically adjusted so that the system is in equilibrium 
when the gases arc flowing in the desired ratio, viz , four volumes of 
hydrogen to three of oxygen 

The instiumoiit is very easy to construct, and its accuracy is amply 
sufficient for tho purpose m view . 


Fie 7 —-Blow-pipe. (Scale l full size ) 



The bloH'-jniM is of a somewhat peculiar shape and is shown in fig 7 
About half the oxygen passes through the central nozzle N, which is 
surrounded by a platinum nozzle P The supply of hydrogen is lod 
in at C, and flows down l>etwocn these two tubes. The entire arrange¬ 
ment is surrounded by a gun-metal case, which is cooled by the water 
circulation W. Half tho oxygen flow's down between the giui-metal 
and platinum tubes, ontiroly surrounding the hydrogen where it issues 
from the platinum nozzle, thus insuring its period combustion 

The Furnace (F, fig. 6)—The outer sholl consists of an ordinary 
Fletcher furnace, 23 cm. in external diamctci. Tho interior is filled 


up to within 7 cm. of tho top with sand, on which rests one of the 
ordinary magnesia bricks used for smelting platinum. Their chemical 


composition is— 


Magnesia 
Lime . 

Silica. 

Iron and alumina . 
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These bricks are eminently suitable to resist high temperatures! 
Owing to the presence of silica they could not bo used alone for the 
purpose wo have in view, but they are very valuable as an outer 
crucible in which to place the pure lime on which the platinum rests. 
In a brick.11x11x7 cm. a cylinder of 7 cm. in diameter and 3 cm. in 
depth is drilled out, the hollow is filled up with chemically pure lime 
in the form of powder, which is pressed tightly in. The platinum, 
roughly hammered into shape, is forced into the bed thus prepared 
until the lime is flush with the upper suiface of tho metal. Before the 
temperaturo has reached the melting ]>oint of platinum the lime has 
formed itself into a sufficiently coherent mass to support tho weight 
of the metal. Another brick 11x11x4 cm. forms the cover; it is 
held in a cast-iron frame by six J-inch screws equally spaced along 
two adjacent sides of the square. A hole 1*6 cm. in diameter is 
drilled through tho centre of this covei. It is through this hole 
that tho blow-pipe plays vertically on the surface of the metal. 
The lower surface of the cover should bo not moro than 1 cm. above 
the platinum. Both blow-pipe and diaphragm aie attached to the 
same vertical axis A; the electromagnet M, which controls the motion 
of this axis, is placed m scries with the magnet N, which cuts 
off the supply of gas to tho blow-pipe. The instant tho gas is 
stopped the axis swings round, bringing the 1 square contimotrc dia¬ 
phragm I) above the holo in the cover of the furnace. A number ot 
screens arc provided so as to prevent any light from the furnace itself 
reaching tho photometer. These screens havoi been removed in fig. 0 
so as to give a better view of tho furnace. 

The light from the platinum is reflected on to the photometer by a 
mirror. The secondary standard is not placed m the axis of the 
photometer, but at right angles to it, its light being also reflected by a 
mirror. Each mirror is supported by a bar, which is held m a 
socket provided with a V-shaped check, so that when ono of the 
mirrors is taken out of its supporting socket it can always be replaced 
in tho same position ; tho fittings are made interchangeable. Thus by 
interchanging the two mirrors any error duo to their coefficient of 
absorption can bo eliminated. 

A motronome ringing every ten seconds gives tho intervals at 
which the photometric observations arc to bo made To save time 
tho readings are not taken, but the position of tho index on the 
photometer bar is markod off. Tho distances are read at leisure 
later on. 

The method by which the observations aie obtained is as follows 
Let us supposo that the platinum is in position, the standard of refer¬ 
ence adjusted, the metronome started, tho “ rate ” and “ ratio ” gauges 
calibrated, and that we are ready to start the blow-pipe. We turn on 
the gas and increase the supply until tho gaugo shows that tho hydro- 



JB march on some Standards of Light 491 

• 

gen is burning at the rato of 0 8 cubic foot per minute, we then regu¬ 
late the supply of gas so as to keep the ratio gauge in balance. At the 
end of fifteen minutes we press the key which stops the gas and swings 
the diaphragm into position. No photometric readings arc taken at 
the end of this first fusion for two reasons 1. The walls.of the fur¬ 
nace have not yet had time to heat up, and the platinum, though 
fused on the surface, is probably still solid underneath 2 Koine par¬ 
ticles of lime dust are pretty sure to bo floating on the surface if the 
ingot of metal has only just been put into a newly made crucible. We 
therefore merely uso this fusion to adjust the position of the furnace 
and cover, so that the centre of the platinum mil face and the centre of 
the aperturo in the eovei should be on a \<utu\il line passing through 
the centre of the diaphragm 

Thisdono, we re-start the blow-pipe, and fifteen minutes latei, as the 
metronomo rings, wo press the electric key, keeping an eye on the 
photometer. The photometer is kept m balance, and cveiy ten seconds, 
as the metronome lings, the position of the photometer head is marked 
off By the time some ton or fifteen readings have J>ceri recorded the 
platinum has cooled below its melting point The distances are then 
read off at leisure, the blow-pipe is swung back into position, the 
chopper re-set, the mirrors aio interchanged, and everything is ready 
for a fresh start. Fifteen minutes latei another series of readings can 
be taken 

A Liunmer and Brodhun photometei* and photometer bench were 
used during these experiments, the distance lie tween the lights being 
331*4 cm. The position of both the sources of light was fixed, the 
photometer head alone being movable. To ensure the maximum sou- 
bitivcncss it is well to keep one eye exclusively foi tho photomotne 
observations, covering it when the readings are not being taken with 
a black screen In all the experiments incandescent lamps were used 
as standards of refoience. When the necessary precautions are taken 
these form very reliable standards, remaining absolutely constant for 
many hours.t Tho pressuro on tho terminals of these lamps must be 
adjusted with the greatest euro, as tho light varies with the sixth 
power of tho electromotive force In the present case fifty-volt lamps 
wore used, a specially constructed divided resistance being placed 
across tho terminals of tho lamp By means of a potentiometer the 
electromotive force on l/20th of this resistance was compared with 
tho electromotive force of a ClarkV cell. To avoid any rapid changes 

* Tho photometer head and part of the photomotor bench are shown m flg 4 
To avoid any stray light, the photometer was lning with block vclret curtains. 
These have been drawn aside iu flg. 4. For a full description of this instrument 
see ‘ Zeitschrift fur Instrumentenkunde, 1 p. 41, 1892, and ‘ J. fur Gasbeleuehfcung 
und Wasserversorgung,* vol 37, p. Gl, 1804. 

f * Zeitsohnft fhr Instrumcntenkunde,' vol. 10, p 110, 1800 
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of temperature the cell was placed in the inner chamber of a calori¬ 
meter. Under those circumstances the pressure on the terminals of 
the lamp could be kept constant during many hours to within one 
hundredth of a per cent. 


Table V. (See fig 8.)—Normal Conditions, 

Intensity of the Light from 1 sq. cm. of Platinum at the Temperature 
of Solidification as deduced from the observations given below 
is 1 *002 (the ei ror of this determination is therefore 0*002). 


Time 

Phot ometor | 
reading. 

Light, 

10 

118 -3 

2*236 

20 

133 8 i 

1-503 

30 

143 -0 ! 

1 196 

40 

154 *3 

0*908 

60 

104*5 

0 693 

00 

171 H 

0 623 

70 

174 4 ! 

* 0*559 

HO 1 

150 0 

1*008 

00 

150 3 

1*001 

100 

150 6 

0*993 

no i 

150 7 

0 991 

120 

150 8 i 

0 988 

130 

1 150*9 

0*986 

140 | 

151-0 

0*984 

150 

154*8 l 

0*897 

100 1 

163 8 

0*722 


Having in the maimer indicated above obtained a set of photometric 
readings at intervals of ten seconds from the time the blow-pipe was 
stopped, let us consider what is the best manner of reducing theso 
observations. The typical shape of the curve obtained is shown in 
fig. 8 (see Table V), the abscissa represent time, the ordinates light. 
The cuive consists of throe parts, the first falling rapidly represents 
the decrease of light sent out from the liquid metal as its temperature 
falls. There is a sudden break in the ciu ve when the platinum begins 
to solidify, followed by a practically straight line. This second period 
(forty to fifty seconds in the conditions under which these experiments 
were made) marks the time during which the platinum ingot is freez¬ 
ing. For the sake of brevity we shall in future refer to this part of 
the curve as the “ constant ” period, though strictly speaking, owing 
to the imperfect conduction of the metal, the intensity of the light 
decreases slightly as the time increases. The third part of the curve 
represents the cooling of the surface after the entire mass is solid. The 
want of sharpness in tho transition between the second and third parts 
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Fia. 8 —' 11 Normal ” conditions total mm of platinum, 345 grammes, superficial area, 17 nq 
cm. j diameter of aperture in the eovor of the furnace, 16 cm., intensity of the light at 
tho temperature of solidification, 1-002 (the error of this determination is therefore 0 002). 



is due to the fact that the heat lost at the surface is at iirst supplied 
by conduction from the lower layers still substantially at tho tem¬ 
perature of solidification, and it is not until tho corresponding tem- 
peraturo gradient is established throughout the entire mass that the 
normal rate of cooling is shown by tho light given oft’ from tho 
surface. 

Curves similar to tho above, but rcfening to tho case of molten 
silver, were shown by Violle in 1881 * 

A second form of curve is possible (see figs. 9 and 11) This shapo 
is obtained when the motal has laien hoated very slightly above its 

* 1 Aunales do Ohimio et do Physique/ sor. 6, vol 3, p. 373, 18n 4 , also Confer¬ 
ence Internationale pour la Determination des Unites Elrctriques, sfonco de la 
Troiiibme Commission, 3 Avril, 1884. There is, however, one essential difference 
betwoen tho present results and those obtained by Violle. In the case both of 
silver and platinum Violle indicates the “ Hash ” as occurring not before but after 
the constant period. 
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Table Vf. (See fig. 9.) 

Superficial area of Platinum Ingot 30 sq. cm; 

Intensity of the Light from 1 sq. cm. of Platinum at the Temperature 
of Solidification - 1*012. 


Time. 1 

Photometer 

reading. 2 

Light J 

10 

145 *7 

1 119 

20 

148 2 

1*054 

30 

160*! 

1005 

40 

149 8 | 

1 013 

GO 

150 1 | 

1 005 

00 

150 *3 ! 

1 001 

70 

151 *5 

0*972 

80 

151 ‘7 

0*967 

90 

163*8 

0 *730 

100 

178 *8 

| 0*502 


1 Tlie timo is counted from tho liiRtant at which tlie blow-pipe was stopped. 

2 Tho photometer reading ib the distance in centimetres between tho photometer 
head and the incandescent lamp which served as a standard of reference 

3 The mnt of light is the moan of a number of determinations made under tho 
“ normal ” conditions. 

Fio 9 —Superficial area of platinum ingot, 30 sq cm (or 70 per cent, above the 
normal) , intensity of the light at tlio temperature of solidification, 1*012 (or 
0 012 above tho normal) 



moltmg point. In this case there is no flash up of the light, the threo 
parts of tho curve being continuous. The photometric readings, re¬ 
duced as shown below, vary but little from those obtained when the 
curves are discontinuous, but for several reasons the results are likely 
to be loss consistent than when tho conditions are so regulated as to 
obtain the “ flash ” shown in fig. 8 
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The definition of the standard quantity of light is that emitted m a 
normal direction by 1 square centimetre of surface of platinum at its 
temperature of solidification 

It has already l>een pointed out 

1. That it is practically impossible to obtain an instantaneous 
photometnc olwservation 

2. That each part of the surface is, strictly speaking, only at the 
standard temperature for the small time-interval during winch the 
solid film is actually forming 

3. That owing to the difficulties inherent to all photometnc observa¬ 
tions, each determination should rest on a number of separate 
readings 

The most obvious method would ho to take tho mean of the readings 
obtained during the “ constant period,” but m doing so we should 
certainly be wrong, as these readings form a decreasing senes, the first 
one only lasing theoretically correct. Tho i ate of decrease of tho readings 
vanes with the mass of metal used, and the circumstances under which 
it is allowed to cool, and were we to take tho mean of tho readings, 
the final determination would necossanly bo dependent on theso experi¬ 
mental conditions The first leading, though theoretically the most 
corroct, is practically tho least reliable of tho senes This roadmg 
immodiatoly foIlowR a sudden and considerable change in the illumina¬ 
tion of the photometer, and the oye has not yet had time to become 
accustomed to the change It is therefore out of the question to base 
our determinations on this first reading 

All things considered, it is )>est to establish the value of the inten¬ 
sity of the light emitted by the platinum at the instant of solidification 
by a graphical exterpolation 

The shape of the curve during the period of solidification is, prac¬ 
tically, a straight line. The various observations dunng this period 
differ but little m absolute value, and can easily be plotted to a very 
largo scale It we draw a straight line through these points the 
height of this line above tho axis at the time at which the “ Hash ” 
occurred will give us tho quantity of light emitted at the temperature 
of solidification The values of the observations themselves determine 
within ten seconds the time at which the “ flash " occurred, and for a 
first approximation this is sufficient. 

The al>ove method of ieducing tho rosults is illustrated in tig. 10 
After a set of observations has been taken, and while tho platinum is 
still white-hot, the surface visible through the diaphragm should be 
inspected Should any specks of lime dust or other impunty be appa¬ 
rent, the observations should bo rejected. 

It is advisable to make it a rule to discard any set of readings 
where: 

1 . The “ constant period ” extends over less than thirty seconds. 

VOL* LXV. 2 o 
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Kio 10 (sw Table V, fig. 8, and p. 495) —Illustrating the graphical method uwd 
in reducing the observations. 



2. Tho moan rate of change of the intensity of the light during the 
so-called “ constant period 11 exceeds 0 03 per cent. per second 

In the couise of the present insostigatum, ohservations were taken 
for some throo handled cmvos, Imt tor olaious reasons only a few of 
the most typical are recorded here 

It must he clearly understood that the present experiments were not 
undoi taken with a view of obtaining any absolute determinations, Imt 
purely as a preliminary investigation. The objects in view wore 

1. To ascertain the most favourable experimental conditions. 

2. To determine the degree of accuracy to bo obtained under thoso 

conditions 

The results are expressed in terms of tho quantity of light omittod 
by 1 sq. cm. of platinum at its temperaturo of solidification, and under 
the following conditions .— 

The total mass used was 345 grammes in the shape of a disc. Tho 
area of the upper surface of the disc was 17 sq cm. The diameter of the 
hole in the cover of the furnace was 1 *6 cm. The observations were taken 
after the blow-pipe had been alight for fifteen minutes, burning 0*8 cubic 
foot of hydrogen per minute, the two gases being mixed in the ratio of 
four volumes of hydrogen to three of oxygen. The above conditions 
will, for the purpose of this investigation, be taken as the “ normal 
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coiulitionH ” (flee Table $ mUI hg. 8). It must, however, Iks borne in 
mind, that for the final experiments it would be advisable to increase 
the mass of metal to 1000 or 2000 grammes, and this would entail a 
change in the quantity of gas burnt * 

This wild, let us proceed to determine to what extent the intensity of 
the light is dependent on the uxpenmental conditions 

Change m Du* shape of the platinum ingot —By changing the shape of 
the ingot wo shall modify not only its rate of cooling, but also the 
maximum temperature it will roach under the “ normal ” supply of 
gas. If we flatten out the disc Iwjyond a certain limit, only the central 
portion of the platinum will actually fuse. On the other hand, if we 
make the supeificial aiea too small, foiming the metal into a long 
cylinder, a limit will be reached when the fusion will cease to extend 
to the lower layers In the present case 35 sq. cm. and 8 sq. cm. are 


Table VII (See fig. 11 ) 

Superficial area of Platinum Ingot 10 sq. cm. 

Intensity of the Light from 1 sq cm. of Platinum at the Temperature 
of Solidification - 1 004. 


Time 1 

Photometer 
reading 3 

Light. 3 

10 

141 *8 

1-282 

20 

144 8 

1*144 


148 -8 

1038 

40 

148'8 



149-6 

1 018 

60 

160-3 


70 

160 0 

1 008 


160*1 



160 2 


100 

160 *2 


110 

161 ‘5 

0*972 i 


162*8 


130 

164-0 

0 -916 i 


164*2 


■ 

104 H 


160 

178 *3 

0-673 j 

. I 


1 The time is counted from tho instant at winch tlio blow-pipo was stopped. 

3 The photometer reading is the dwtanco in centimetres between the photometer 
head and tho lnoandcseont lamp which served os a standard of reference. 

1 The unit of light is tho moau ot n number ot determinations made under tho 
“ normal" condition* 


* It would also be advisable in future experiments to shapo the platinum ingot 
into a lialf sphere, as this shape would be proferablo with regard to the constancy 
of the observations during the tune the metal is freezing. 
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Fio 11.—Superficial area ot tlie platinum ingot, 10 sq cm. (or 41 per coufc bolow the normal) , 
intensity of the light at the temperature of solidification, 1'004 (or 0 004 abuvo the normal) 



Time in Seconds. 


tho limiting values. A numbci of dotei minations weiu made with a 
superficial area of 30 and 10 sq. cm The details of two of the 
determinations arc given m Tables VI and VII, the form of the 
curves is shown m figs 9 and 11 

The maximum temperature leached by the metal was not sufficient 
to cause the sharp break in the curve of light, but notwithstanding 
this fact, the values obtained differ less than 1^ per cent, from the 
“ normal " value We are therefore justified in concluding that the 
intensity of the light is independent of the shape of the mass, so 
long as the entire mass is raised above its melting point 

I'aruthort of llic nutss oj metal used —The effect of increasing the 
quantity of platinum from 345 to 510 grammes is shown in Table 
VIII and fig 12 In this case the change produced in the light 
works out at 0 4 pel cent. It is not possihlo to decrease the mass of 
metal much below 345 giammos, as the “ constant period ” becomes too 
short tor reliable readings to be obtained For 90 grammes, for instance 
(see fig, 13), tho “constant period” has altogether disappeared, or, 
strictly speaking, it is only represented by a slight inflection in the 
curve. The experiments are, however, sufficient to show that though 
the mass of the ingot has a considerable effect on the degree of 
accuracy obtainable, it does not affect the quantity of light emitted at 
the temperature of solidification. 

Fdriatum tn the shape of the enclosure — From the laws of thermal 
radiation we are led to expect that the shape and temperature of the 
enclosure will have a considerable influence on the quantity of light 
emitted by such a body as platinum. Any change m size of the 
Aperture in the cover of the furnace will greatly modify the rate of 
cooling of the metal, and from this cause also might affect the photo- 
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Table VIII (See fig 12) 

Mass of Platinum Ingot 510 giamines. 

Intensity of the Light from 1 sip cm of Platinum at the Temperature 
of Solidification - 1 004 


Tunc. 1 

Pholumeter 
reading ■’ 

Liglil 1 

30 

143 8 

1 173 

20 

I 144 6 

1 150 

30 

146 5 

1*098 

40 

US *8 

1*038 

GO 

350 1 

1 005 

00 

150 H 

o oss 

70 

150 3 

1 001 

HO 

150 1 

0 998 

’ 90 

150*9 

0 980 

t loo 

151 *0 

0 081 

1 110 

1 51 * 

0 979 

120 

152 H 

o 912 

130 

155*8 

0 875 

j 140 

163*8 

0 722 

1 ir, ° 

173 H 

0 567 

• lr.o 

L83 H 

0 444 


1 The time in counted from the instant at which t ho blow-pipe was stopped 
3 The photometer reading is the distance in centimetres between the photometer 
head and the incandescent lump which sened as a standard ot reference. 

1 The unit of light U tho mean of a number ot determination* made under tlu* 
“ normal '* conditions. 


Fig. 12.—Moss of tbc platinum ingot, 510 grammes (or 45 per cent, above the normal) j intensity 
of the light at the temperature of solidification, 1 004 (or 0*004 above the normal) 



m3tric observations. The “ normal ” conditions aio chosen in order to 
make the rate of cooling as slow its possible, and any variation in the 
circumstances must necessarily cause the platinum to cool more rapidly. 

2 u 2 
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Fig. 18.—Showing that when a small mass of platinum (90 grammes) is used, the 
light does not remain constant for any appreciable time. 



Time in Seconds. 


One of the determinations made with the aperture in the cover 2*5 
cm. in diameter, or nearly threo times the aioa of the “ normal ” opening, 
is illustrated in fig. 14 (see Table IX). The quantity of light differs 
from the “ normal ” by less than 1 per cent. If the aperture in the 
cover is increased much beyond this limit, or if the cover is removed 


Table IX. (Sec fig. 14 ) 

With the Diameter of the Opening in the Cover of the Furnace 
increased to 2T> cm. 

Intensity of the Light from 1 sq. cm. of the Platinum at the 
Temperature of Solidification * 1*005. 



1 The time is oounted from the instant at which the blow-pipe was stopped. 

* The photometer reading is the distance in centimetres between the photometer 
heal and the incandescent lamp which served as a standard of reference. 

1 The unit of light is the mean of a number of determinations made under the 
** normal n conditions. 
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Fic*. 14 —Area of the aperfcurom the oovor, 4 3 «q. cm. (or J 15 per eentr above the 
normal); intercity of the light at the temperature oi solidification, l ()05 (or 
0 005 above tlie normal). 
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altogether from the furnace, the constant part of the cm vo vanishes 
and determinations hocomo impossible. This case is shown in fig. 15. 

The recommendations made with legard to the i ate at Avhich the 
gases aie to bo burnt, and to the time during which the blow-pipe is 
to +>e alight, are only intended as an indication of the conditions 
under which the observations will be most easily obtained A varia¬ 
tion of 10 or even 20 per cent, in these factors would leave the final 
results practically unaffected, but a number of the observations would 
probably have to be discarded according to one or other of the three 
rules given on page 495 


lfia. 1G —Showing the efiWt of i© moving the ©over Irom the furnace. 



Tfa effect of contanmahuij the platinum mth rttkw siliui or carbon is 
very marked . Carbon forms the best illustration, as there is no 
difficulty in subsequently getting rid of this impurity. On the 26th of 
March, after a certain number of normal determinations had been 
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made, it was deoided to try the effect of using coal gas instead of 
hydrogen. After the blow-pipe had been suppliod for twenty minutes 
with coal gas, the curve shown in fig 16, curve I, was obtained; 
fifteen minutes later a similar set of readings were recorded. The 


Flo 16 —Curve 1 aliens the utfoutof using u>a] gaa to boat tho platinum, (lie light u 36 per rent 
above the normal. Curvo II was taken an hour und a halt lator, the coal gas having been 
replaced by pure hydrogen The error is already reduced to 2 per oent 



entire surface of the metal was covered with a white him. The inten¬ 
sity of the light was 36 per cent, above the normal The coal gas 
was then stopped, and the hydrogen turned on, tho surface gradually 
clearing as the carbon oxidised out. In an hour and a half tho curve 
fig. 16, curvo II, was obtained, tho error having already boon reduced 
to less than 2 per cent. 

From the above results I believe I am justified m stating that the 
'probable vanatum m the light emitted by molten pin Imam imki the standard 
conditions m not above J per tent. 

With more perfect apparatus, and with the experimental conditions 
altered m the direction that has 1>een suggested, the accuracy of this 
standard would certainly be increased. 

Physiological considerations fix a limit to the accuracy of photo¬ 
metric observations. It is not impossible that the accuracy of the 
platinum standard may attain to or even suipass this limit. 

The present work has occupied nearly three years, and it was 
thought advisable before devoting more time to the subject to publish 
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such results as had already l»een obtained It is hoped that those who 
are interested in photometric work will, by thou advice and criticism, 
help to bring the research to a satisfactory close 

In concluding, may I be allowed to express my gratitude to the 
managers of the Royal Institution for placing the splendid resources 
of the Davy-Faraday Laboratory at my disposal, as well as for gonerously 
defraying the nccossarilv heavy ovpunsos iueuired by the present work. 

My thanks ate also duo to Messrs. Johnson, Matthcy & Co, who 
moat kindly lent the platinum employed 
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